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s m m m
The d ip o le  moments o f e. number o f s u b s t i t u t e d  a n i l i n e s ,  in  b o th  
benzene  and d io x a n ,  have been  e v a lu a te d  from  m easurements o f th e  
d i e l e c t r i c  c o n s t a n t s ,  d e n s i t i e s  and r e f r a c t i v e  i n d i c e s  o f  d i l u t e  
s o l u t i o n s .  In  s e l e c t i n g  th e  compounds f o r  s t u d y  a t t e n t i o n  was p a id  
t o  t h e  d e s i r a b i l i t y  o f  com paring , on th e  one h an d , th e  e f f e c t s  o f o -p  
and m - d i r e c t in g  s u b s t i t u e n t s  an d , on t h e  o th e r  hand , th e  e f f e c t s  o f 
t h e  p o s i t i o n s  o f  t h e  g roups  on th e  d e v i a t io n s  from  th e  moments t o  be 
e x p e c te d  from  th e  s im p le  v e c t o r  a d d i t i o n  t h e o r y .  Hence, t h e  d ip o le  
moments o f m- and £ - n i t r o -  and brom o-, 2 :4 -  and 3 : 5 - d i n i t r o -  and 
d ibrom o- and 2 : 4 : 6 - t r i n i t r o a n i l i n e , £ - n i t r o -  and 2  : 4 - d i n i t r o m e t h y l -  
a n i l i n e  and 2 - m e t h y l - 4 - n i t r o a n i l i n e  have been m easured in  b o th  s o l v e n t s .
The r e s u l t s  have been  i n t e r p r e t e d  i n  te rm s  o f  th e  mesomeric and 
in d u c t i v e  e f f e c t s  of t h e  s u b s t i t u e n t s .  In  th e  absence  o f  s u b s t i t u e n t s  
in  p o s i t i o n s  o r th o  t o  t h e  am ino-group  th e  d i f f e r e n c e  be tw een  th e  
a p p a r e n t  moments o f  t h e  amines in  d io x a n  and benzene  s o l u t i o n s  in c re a s e d  
p r o g r e s s i v e l y  w i th  i n c r e a s e  in  t h e  i n t e r a c t i o n  moment. The p re se n c e  
of m e th y l  g ro u p s ,  brom ine atoms o r n i t r o - g r o u p s  i n  b o th  p o s i t i o n s  o r th o  
t o  th e  am ino-g roup  d e c r e a s e d  th e  d io x a n  in c rem en t a l th o u g h  t h e r e  
a p p ea red  t o  be no a p p r e c i a b l e  i n t e r f e r e n c e  when t h e r e  was one n i t r o -  
g roup  i n  su c h  a p o s i t i o n  and o n ly  s l i g h t  i n h i b i t i o n  of th e  mesomeric 
e f f e c t  when t h e r e  was one brom ine atom  in  th e  o r t h o - pos i t  i o n . The 
p re s e n c e  o f  one n i t r o - g r o u p  i n  th e  o r t h o - p o s i t i o n  t o  a m ethy lam ino-group  
caused  a d e c r e a s e  in  t h e  d io x a n  in c re m e n t .  A l l  th e s e  r e s u l t s  a re  
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INTRODUCTION
The f i r s t  m easurem ents r e c o rd e d  f o r  t h e  d ip o le  moment o f  an a ro m a t ic  
amine w ere  in  1928 when E s te rm an n  (1) p u b l i s h e d  th e  r e s u l t s  he o b ta in e d  
f o r  t h e  moments o f  a n i l i n e  in  benzene  s o l u t i o n  and d ipheny lem ine  i n  th e
f
s o l i d  s t a t e  and B r e t s c h e r  (2 )  p u b l i s h e d  h i s  r e s u l t s  f o r  4 : 4 ’ -d ia m in o -
d ip h e n y l .  They w ere  fo l lo w e d  i n t e r m i t t e n t l y  by a few measurements on
v a r io u s  a ro m a t ic  amines b u t  c h i e f l y  on a n i l i n e  i t s e l f .  There was
c o n s id e r a b l e  d is a g re e m e n t  i n  t h e  moments r e p o r t e d  by v a r io u s  w orkers  f o r
b o th  a n i l i n e  and t h e  o th e r  am in es .  T h is  was p a r t i a l l y  due t o  w ork ing
a t  d i f f e r e n t  t e m p e ra tu re s  and in  v a r io u s  s o l v e n t s  b u t  some d i s c r e p a n c ie s
a l s o  a ro s e  in  t h e  a c t u a l  methods o f  c a l c u l a t i o n .
I t  was i n f e r r e d  from  th e  a v a i l a b l e  r e s u l t s  t h a t  t h e  v a lu e  o f  th e
d ip o l e  moment o f  a n i l i n e  in  h y d roca rbon  s o l v e n t s  was a p p ro x im a te ly  e q u a l
t o ,  o r  s l i g h t l y  g r e a t e r  t h a n ,  t h a t  f o r  t h e  gas phase  b u t  t h i s  was much
l e s s  t h a n  t h e  moment i n  e t h e r  and l : 4 - d i o x a n  s o l u t i o n s .  In  1941,
V a s s i l i e v  and S y r k in  (3) a t t r i b u t e d  t h e  h ig h  v a lu es  o b ta in e d  i n  d io x a n
»
s o l u t i o n s  t o  t h e  fo rm e t io n  o f complexes th r o u g h  hydrogen b o n d in g  betw een 
an am ino-hydrogen  atom and an  oxygen o f  t h e  d io x a n  m o le c u le .
I f  t h i s  v iew  was c o r r e c t , t h e r e  sh o u ld  be a d e c r e a s e  in  t h e  i n t e r ­
a c t i o n  p o l a r i s a t i o n  as th e  am ino-hydrogen  atoms of t h e  a n i l i n e  m o lecu le
a re  p r o g r e s s i v e l y  r e p l a c e d  by m e th y l g rou j«  , t h e  hydrogen  atoms o f  w hich 
a re  l e s s  l i k e l y  t o  engage i n  hydrogen  b o n d in g .  As t h e r e  w ere no 
s u i t a b l e  d a t a  a v a i l a b l e  t o  t e s t  t h i s  h y p o th e s i s .  Few and Sm ith  (4) 
m easured t h e  d ip o le  moments o f  a n i l i n e ,  m e th y I a n i l in e  and d im e th y lam ine . 
They found  t h a t  th e  a p p a r e n t  m o le c u la r  p o l a r i s a t i o n  o f a n i l i n e  in. d io x an  
(9 5 .1 1  c . c . )  was much g r e a t e r  t h a n  in  benzene s o l u t i o n  (7 8 .3 5  c . c . ) .
The d i f f e r e n c e  in  t h e  m o le c u la r  p o l a r i s a t i o n s  in  t h e  tw o s o l v e n t s  was 
s m a l l e r  f o r  m e t h y la n i l i n e  (1 3 .5 2  c . c . )  and q u i t e  s m a l l  i n  t h e  case  o f  
d i m e t h y l a n i l i n e  where t h e  d i f f e r e n c e  was o n ly  3 .7 3  c . c .
The v a r io u s  r e s u l t s  o b ta in e d  i n d i c a t e d  t h a t  an a p p r e c i a b l e  in c re a s e  
i n  m o le c u la r  p o l a r i s a t i o n  due t o  hydrogen  bond ing  o n ly  o c c u r re d  when a t  
l e a s t  one o f  t h e  s p e c ie s  in v o lv e d  had a h ig h ly  p o l a r i s  a b le  e l e c t r o n i c  
s y s te m . F o r  th e  a r  y lam ines  t h i s  p o l a r i s a t i o n  was most l i k e l y  t o  o ccu r  
th ro u g h  an  in c r e a s e  i n  t h e  mesomeric e f f e c t  o f  t h e  am ino-g ro u p ,  w h ich  
in  t u r n  im p l ie s  t h a t  t h e  m o lecu les  must be a b le  t o  ad o p t  a s t r u c t u r e  i n  
w h ich  th e  am ino-hydrogen  atoms a p p ro a c h  c o p l a n a r i t y  w i t h  th e  a ro m a t ic  
r i n g .
This  a ro u s e d  p a r t i c u l a r  i n t e r e s t  i n  t h e  amines f o r  w h ich  s t e r i c  
i n h i b i t i o n  of re so n a n c e  may o c c u r .  B irtfes  and Hampson (5) and Ingham 
and Hampson (6 ) found  t h a t  th e  d ip o le  moments o f am inodurene and 
m e s id in e  in  b enzene  were 1 .39  and 1 .40  r e s p e c t i v e l y ,  v a lu e s  a p p r e c i a b l y  
l e s s  t h a n  f o r  a n i l i n e .  On t h e  o t h e r  hand , t h e  moments o f  bromodurene 
and bromobenzene w ere a lm o s t  i d e n t i c a l ,  a  c i rc u m s ta n c e  w hich  le d  Ingham 
and Hampson t o  i n f e r  t h a t  i t  was t h e  s t e r i c  e f f e c t  o f  th e  o r t h o - m e th y l 
g roups i n  h in d e r in g  t h e  fo r m a t io n  o f  re so n an c e  s t r u c t u r e s  in v o lv in g  
N-C doub le  bonds w h ich  cau sed  th e  moments o f  am inodurene and m esid ine  
t o  be l e s s  t h a n  t h a t  o f  a n i l i n e .
Few and Sm ith (? )  had o b se rv ed  t h a t  t h e  d i p o l e  moment o f  2 :4 ;6 «  
t r i b r o m o a n i l i n e  ( 1 .6 9D) in  benzene  was c o n s id e r a b ly  g r e a t e r  t h a n  t h a t  
o f  a n i l i n e  (1 .5 1  D) w h i l s t  th e  a p p a r e n t  v a lu e  in  d io x a n  s o l u t i o n  is  
much g r e a t e r  t h a n  t h a t  in b e n ze n e ,  s u g g e s t i n g  t h a t  th e  hydrogen bonding  
t o  t h e  am ino-hydrogen  atom r e s u l t s  i n  an in c re a s e d  mesomeric e f f e c t .  
Sm ith  ( 8 ) found  t h a t  th e  moments o f  m e s id in e ,  am inodurene and m e th y l-  
m esid in e  in  benzene and d io x a n  w ere low er t h a n  t h e  v a lu e s  fo r  a n i l i n e  
and met h y l a n i  l i n e .  The r e s u l t s  i n d i c a t e d  t h a t  mesomerism was i n h i b i t e d
a p p r e c i a b ly  w i t h  m e s id in e  and am inodurene and t o  a c o n s id e r a b le  e x t e n t  
w i t h  m e th y lm e s id in e .
The p r e s e n t  i n v e s t i g a t i o n  i s  c h i e f l y  concerned  w i t h  th e  measurement 
o f  t h e  a p p a r e n t  d ip o l e  moments o f  v a r io u s  p a i r s  o f  a r o m a t ic  am in es ,  i n  
b o th  s o l v e n t s ,  w h ic h ,  on t h e  s im p le  v e c t o r  t h e o r y ,  sh o u ld  have e q u a l   ^
d ip o l e  moments b u t  o f  w h ich  t h e  m esom eric e f f e c t s  a re  d i f f e r e n t .
P re v io u s  e v id e n c e  had shown t h a t  t h e  d i f f e r e n c e  be tw een  th e
moments o f  a ro m a t ic  am ines i n  benzene  and d io x a n  s o l u t i o n s  was*
i n d i c a t i v e  o f  t h e  e l e c t r o n  m o b i l i t y  in  th e  m o lecu les  ; hydrogen  bond ing  
a p p ea red  t o  in c r e a s e  th e  mesomeric e f f e c t  o f t h e  amine g ro u p . This 
s u g g e s t s  t h a t  t h e  p r e s e n c e ,  in  t h e  a ro m a t ic  r i n g ,  o f  groups w hich  
enhance  t h i s  mesomeric e f f e c t  sh o u ld  fa v o u r  t h e  e f f e c t  due t o  d io x a n .
The d i f f e r e n c e  betw een t h e  moments in  th e  two s o l v e n t s  sh o u ld  be much 
l e s s  i n  t h e  p re s e n c e  o f  g roups w hich  have l i t t l e  e f f e c t  on , o r  t e n d  t o  
c o u n t e r a c t  t h e  mesomeric e f f e c t  o f  t h e  amine g ro u p .
I t  would be e x p e c te d ,  f rom  f i r s t  p r i n c i p l e s ,  t h a t  s u b s t i t u t i o n  o f
a n i t r o - g r o u p  i n  t h e  o r th o  o r  p a ra  p o s i t i o n  in  t h e  a ro m a t ic  r i n g  would
a c t  in  c o n ju g a t io n  w i t h  and t h e r e f o r e  enhance  t h e  mesomeric e f f e c t  o f
an amino g ro u p ,  w hereas  in  th e  m eta p o s i t i o n  i t  would o n ly  have a s m a l l  
e f f e c t .  The a p p a r e n t  enhancem ent o f  th e  moment in  d io x a n  s o l u t i o n  
w ould be e x p e c te d  t o  fo l lo w  an  o r d e r  s i m i l a r  t o  t h a t  in  benzene  s o l u t i o n .  
At th e  same t im e ,  when eny s u b s t i t u e n t s  w ere p r e s e n t  in  t h e  o r th o  
p o s i t i o n ,  s t e r i c  i n h i b i t i o n  o f  mesomerism rem ained  a p o s s i b i l i t y .  On 
g e n e r a l  g ro u n d s ,  when amino groups and brom ine atoms occupy p o s i t i o n s  
o r t h o  o r  p a ra  t o  one a n o th e r  t h e i r  mesomeric e f f e c t s  would be e x p e c te d  
t o  have a  te n d e n c y  t o  oppose e a c h  o t h e r  s l i g h t l y .  E v idence  o b ta in e d  
f rom  £ - c h l o r o a n i l i n e  and 2 : 4 : 6 - t r i b r o m o a n i l i n e  s u g g e s te d  t h a t  t h i s  
e f f e c t  was more t h a n  overcome by o th e r  e f f e c t s ,  o f  w h ich  a m o d i f i c a t i o n  
i n  t h e  in d u c t iv e  e f f e c t  o f  t h e  h a lo g e n  atoms was p ro b a b ly  t h e  main 
f a c t o r .  F u r t h e r  i n v e s t i g a t i o n  o f  su ch  compounds in  t h e  two s o l v e n t s  
a p p ea red  t o  be n e c e s s a r y ,  t h e r e f o r e ,  t o  h e lp  in  e l u c i d a t i n g  t h i s  prob lem .
H ence, in  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  d ip o l e  moments o f  a s e r i e s  
o f  n i t r o a n i l i n e s  and a c o r re s p o n d in g  s e r i e s  o f  b ro m o a n i l in e s  have been  
m easu red , b o th  in  benzene  and i n  d io x a n  s o l u t i o n ,  and t h e  r e s u l t s  have 
b e e n  i n t e r p r e t e d  i n  te rm s  o f  th e  m esom eric and in d u c t iv e  e f f e c t s  o f  th e  
s u b s t i t u e n t s .
CHAPTER 1
EXBSRBENTAL METHODS
S e c t io n  I
A pp ara tu s
The d e t e r m in a t io n  o f  t h e  d ip o le  moments o f  th e  compounds s tu d ie d  
h e re  has b een  based  on th e  C la u s iu s -M o s o t t  i-Debye t h e o r y .  The u se  o f  
D ebye’s e x t e n s i o n  o f  t h i s  t h e o r y  t o  c a l c u l a t e  th e  m o le c u la r  p o l a r i s a t i o n  
and t h e  d ip o le  moment o f a p o l a r  compound from  s t u d i e s  of i t s  d i l u t e  
s o l u t i o n s  i n  a n o n - p o la r  s o l v e n t  r e q u i r e s  m easurem ents o f  th e  d i e l e c t r i c  
c o n s t a n t s ,  r e f r a c t i v e  in d ic e s  and d e n s i t i e s  o f  s o l u t i o n s  o f g ra d e d ,  
m o d e ra te ly  low c o n c e n t r a t i o n s .  The a p p a r a tu s  n e c e s s a r y  f o r  th e  
d e t e r m in a t io n  o f  th e s e  q u a n t i t i e s  w i l l  be d e s c r ib e d  in  t h i s  s e c t i o n .
D e te r m in a t io n  o f  D i e l e c t r i c  C o n s ta n ts
The a p p a r a tu s  u sed  f o r  t h e  m easurement of d i e l e c t r i c  c o n s ta n t s  was 
d e s ig n e d  by Few, Sm ith  and SVitten (1) and b u i l t  by  A.V. Few ( 2 ) .  
Subsequen t changes have in v o lv e d  o n ly  t h e  form  o f  t h e  power s u p p ly .
The a p p a ra tu s  was b a se d  on th e  h e te r o d y n e - b e a t  p r i n c i p l e  and , p ro v id e d  
t h a t  t h e  d i e l e c t r i c  c o n s t a n t s  o f  t h e  l i q u i d s  concerned  came w i t h i n  th e
ran g e  2 t o  3 , i t  p e r m i t t e d  t h e i r  m easurement r e l a t i v e  t o  t h e  d i e l e c t r i c  
c o n s t a n t  o f  a s t a n d a r d  l i q u i d  w i th  an a c c u ra c y  o f  abou t i  O.OOOl»
C i r c u i t  d iag ram s o f t h e  a p p a r a tu s  a r e  shown i n  F ig u r e s  (1) and (2) 
and t h e  components u sed  a re  l i s t e d  i n  T ab le  ( l ) .  The a p p a ra tu s  
c o n s i s t e d  o f  a c r y s t a l - c o n t r o l l e d  o s c i l l a t o r ,  o p e r a t i n g  a t  a f r e q u e n c y  
o f  1 0  ^ c y c le s  p e r  s e c o n d ,  and a v a r i a b l e - f r e q u e n c y  o s c i l l a t o r ,  c o n ta i n in g  
i n  i t s  tu n e d  c i r c u i t  two o r d i n a r y  v a r i a b l e  co n d en se rs  an d , a t  c h o ic e ,  
e i t h e r  t h e  d i e l e c t r i c  c e l l  o r  t h e  p r e c i s i o n  co n d en se r  w i th  w hich  th e  
l a t t e r  was m atched . As t h e  p r e c i s i o n  c o n d en se r  u sed  had a c a p a c i ty  
range  o f 300 , i t  cou ld  be m atched a g a i n s t  th e  d i e l e c t r i c  c e l l  w i th
t h e  maximum a c c u ra c y  over t h e  whole o f  t h e  r e q u i r e d  ran g e  i f  t h e  
c a p a c i t y  o f  t h e  l a t t e r ,  w i t h  a i r  as d i e l e c t r i c ,  was a b o u t ICO jluiF .
To e n s u r e  f u l l  u se  o f  th e  s c a l e  o f  t h e  p r e c i s i o n  c o n d e n s e r ,  th e  
in d u c ta n c e  was d e s ig n e d  t o  g iv e  re so n an ce  a t  a  f r e q u e n c e  o f  1 0  ^ c y c le s  
p e r  second  w i th  a  t o t a l  c a p a c i t y  o f  ab o u t 450 -  500 )ijiF i n  t h e  c i r c u i t .  
This  f i g u r e  a l lo w s  100 -  150 jJVuF f o r  t h e  minimum v a lu e s  o f  th e  
c a p a c i t a n c e  of t h e  a d ju s tm e n t  c o n d e n s e r s ,  le a d  c a p a c i t i e s ,  e t c .  By 
s u b s t i t u t i n g  t h e s e  q u a n t i t i e s  i n  t h e  e q u a t i o n ,
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t h e  r e q u i r e d  v a lu e  o f  th e  in d u c ta n ce  was a b o u t .50 m ic r o h e n r ie s .  High 
q u a l i t y  s h o r t -w a v e  t u n i n g  condensers  were u s e d ,  and t h e  in d u c ta n c e s  
w ere made o f  24 s . w . g .  en am e lled  copper w ire  c l o s e l y  wound on P a x o l in  
f o r m e r s .
A l l  t e n d e n c y  f o r  " lo c k in g - in "  be tw een  th e  o s c i l l a t o r s  was e l im in a te d  
by  u s in g  e l e c t r o n  c o u p l in g  t o  mix th e  two h ig h  f r e q u e n c y  o s c i l l a t i o n s  
(v id e  Groves (3 )  ) .  The q u a r t z  c o n t r o l l e d  o s c i l l a t o r  and th e  v a r i a b l e
TAB IE I  
L i s t  o f  Components
C o sso r  V.9 Vg R ay theon  6 . SA, 7
Vg M arconi 8 .2 4  7^  Os ram Z .21
L% 30 t u r n s  o f  24 8 .W. G. , 2 i n .  d i a m e te r ,  d o s e  wound.
Lg 7 t u r n s  ” " ’’ "
L3 ,34 turns " ” ” ” ”
2^50 ppF short wave variable  
7 ppF triirimer ,
2 0 0  f i x e d ,  s w i tc h e d  i n  o r  o u t
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D i e l e c t r i c  C e l l  and P r e c i s i o n  C ondenser
75 s h o r t  wave v a r i a b l e
300 f ix e d
2  pF -  1 0 0 0  v o l t s
2  ppF tr im m ers
Rg 150 ohms 
Rg 2  megohms
J  j a c k  f o r  ea rp h o n es  P s o c k e t  f o r  s c r e e n e d  c a b le
Q q u a r t z  c r y s t a l ,  a p p ro x im a te ly  1 m egacycle
âOvi
Ch % H.F.CH-F.C. JklJ-O».
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o s c i l l a t o r  w e re ,  t h e r e f o r e ,  co n n ec ted  th ro u g h  condensers  t o  s e p a r a te  
g r id s  o f  a s p e c i a l  v a lv e ,  t h e  o u tp u t  from  w hich was fe d  to  an anode bend 
d e t e c t o r .  An earphone was r e q u i r e d  in  t h e  anode c i r c u i t  o f  t h e  d e t e c t o r  
va lv e  f o r  t h e  r a p id  approx im ate  s e t t i n g  o f  t h e  main condensers  when 
m atch ing  a new s o l u t i o n  in v o lv in g  a l a r g e  change o f  d i e l e c t r i c  c o n s t a n t .  
The f i n a l  s e t t i n g  t o  v e ry  low b e a t  r a t e s ,  about 1 - 2  p e r  second , was 
made by u s in g  th e  microammeter i n  s e r i e s  w i th  th e  e a rp h o n e ,  th e  d e f l e c t i o n  
o f  t h i s  m eter i n c r e a s i n g  and d e c r e a s in g  w i t h  e a c h  b e a t .  ' Maximum change 
o f  d e f l e c t i o n  d u r in g  each  b e a t  was a t t a i n e d  by a d j u s t i n g  each  o s c i l l a t o r  
s e p a r a t e l y  t o  g iv e  t h e  same in c r e a s e  i n  t h e  anode c u r r e n t  o f  th e  d e t e c t o r  
va lv e  above t h a t  o b ta in e d  when b o th  o s c i l l a t o r s  være sw i tch e d  o f f .
One s id e  o f t h e  tu n e d  c i r c u i t  i n  each  o f  th e  two o s c i l l a t o r s  was 
e a r t h e d ,  th u s  p e r m i t t i n g  th e  a d ju s tm en t o f  th e  tu n in g  condensers  w ith o u t ,  
changes i n  t h e  f r e q u e n c y  due t o  hand c a p a c i t a n c e .  V a r i a t i o n s  of 
f r e q u e n c y  were red u ced  by s u p p ly in g  th e  s c r e e n in g  g r i d  and anode 
p o t e n t i a l s  from  a  s i n g l e  u n i t ,  and i t  was found t h a t  th e  b e a t  f r e q u e n c y  
was i n s e n s i t i v e  t o  d e l i b e r a t e l y  imposed v a r i a t i o n s  o f  th e s e  p o t e n t i a l s .
The u se  o f t h e  s u b s t i t u t i o n  te c h n iq u e  made i t  p o s s ib l e  t o  in t r o d u c e  
e i t h e r  th e  d i e l e c t r i c  c e l l  o r  t h e  p r e c i s i o n  condenser  i n t o  th e  tu n ed  
c i r c u i t ,  t h e  o t h e r ,  m eanw hile, b e in g  e a r th e d  on b o th  s i d e s .  This 
a llow ed  v e ry  r a p id  m atch ing  of t h e  c a p a c i ty  of t h e  d i e l e c t r i c  c e l l ,  
t h e r e b y  m in im is in g  t h e  e r r o r s  due t o  t h e  p o s s i b l e  f re q u e n c y  d r i f t  of 
one o f  th e  o s c i l l a t o r s .  The o s c i l l a t o r s  were housed in  m e ta l  c o n t a i n e r s ;  
in t e r c o n n e c t io n s  and c o n n e c t io n s  t o  t h e  d i e l e c t r i c  c e l l  and p r e c i s i o n  
c o n d en se r  were made by  a s c re e n e d  c a b le .
Low t e n s i o n  s u p p l i e s  f o r  e ach  v a lv e  were drawn from a c c u m u la to rs .
The h ig h - t e n s i o n  s u p p ly  was drawn from  th e  A.C. m ains , u s in g  a C l a r k e ’s
8’A tla s»  e l i m i n a t o r  from  which a number o f s e t  v a lu e s  o f  th e  p o t e n t i a l  
could  be p ic k e d  o f f .  A p o t e n t i a l  o f  150 v o l t s  on th e  anodes and 
90 v o l t s  on th e  s c r e e n  g r id s  o f  th e  v a lv e s  was found t o  be th e  most 
s a t i s f a c t o r y  com bina tion  o f  t h e  a v a i l a b l e  v a lu e s .  The anodes and s c r e e n  
g r id s  were decoup led  t o  e a r t h  by th e  condensers  C^, Cg, Cy and
R elay  U n it
As t h e  r e l a y  u n i t  can be o p e ra te d  by a b e l l - p u s h  s i t u a t e d  a t  a
t  . .  ■ ’■
co n v en ie n t  p o in t  t h i s  sw iuch  i s  p r e f e r a b l e  t o  t h e  m ercury cup t y p e .
S t r a y  c a p a c i t i e s  were reduced  by p o s i t i o n i n g  t h e  r e l a y  n e a r  t o  th e  
d i e l e c t r i c  c e l l  p l a t f o r m  and th e  p r e c i s i o n  co n d en se r ,  th u s  p e r m i t t i n g  
t h e  use  o f s h o r t  l e a d s .  The c o n n e c t io n  from  th e  o s c i l l a t o r  compartment 
t o  th e  r e l a y  was made by  low c a p a c i ty  sc re e n e d  c a b l e ,  and r i g i d  1 2  s .w .g .  
b r a s s  rods  were u sed  f o r  t h e  le ad s  t o  th e  d i e l e c t r i c  c e l l  p l a t f o r m  and 
t o  th e  p r e c i s i o n  c o n d e n s e r ,  t h e s e  b e in g  a r ra n g e d  so  t h a t  t h e  e a r th e d  
le a d  p ro v id e d  ad eq u a te  s c r e e n in g  of t h e  r a d io  f r e q u e n c y  l e a d .  The
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r e l a y  c o n n e c t io n s  were a r ra n g e d  so  t h a t  when th e  d i e l e c t r i c  c e l l  was i n  
th e  o s c i l l a t o r  c i r c u i t  b o th  s id e s  o f t h e  p r e c i s i o n  co n d en se r  were 
e a r t h e d .  R epeated  t e s t s  by s w i tc h in g  th e  t e s t  condenser  and th e  
p r e c i s i o n  co n d en se r  a l t e r n a t e l y  i n t o  th e  c i r c u i t  i n d ic a te d  t h a t  th e  
c a p a c i ty  a s s o c i a t e d  w i th  t h e  r e l a y  u n i t  rem ained c o n s ta n t  d u r in g  u s e .
P r e c i s i o n  Condenser "
A S u l l i v a n  N .P .L . ce rtf i f  i  c a t  e d ,  d i r e c t  d r i v e ,  p r e c i s i o n  v a r i a b l e  
a i r  c o n d e n s e r ,  hav ing  a minimum c a p a c i t y  o f  65 jijiF and a maximum 
c a p a c i t y  o f  365 j%iF, was u sed .  Thé condense r  had a f i n e l y  d iv id e d  
deg ree  s c a l e  c o n s i s t i n g  o f  720 d i f ^ c t l y  engraved  d i v i s i o n s ,  and was
f i t t e d  w i t h  a s im ple  m icroscope  and a v e r n i e r  r e a d in g  d i r e c t l y  t o  
o n e - tw e n t i e t h  o f  a s c a l e  d i v i s i o n .  This co u ld  be in c r e a s e d  t o  one- 
f i f t i e t h  o f  a s c a l e  d i v i s i o n  by e s t i m a t i o n ,  su ch  a  d i v i s i o n  co rre sp o n d ­
ing t o  a p p ro x im a te ly  0 .0 0 8  JUhF.
Using a d i e l e c t r i c  c e l l  w i th  a  c a p a c i t y  o f  lOu jnfiF when a i r  was 
th e  d i e l e c t r i c  t h e  s c a l e  a c c u ra c y  e n ab led  t h e  d i e l e c t r i c  c o n s ta n ts  o f  
t h e  s o l u t i o n s  t o  be d e te rm in ed  t o  an  a c c u ra c y  of ± 0 .0 0 0 1 .  The t a p e r  
b e a r in g  of t h e  c o n d en se r  a llow ed  v e ry  s m a l l  in c rem en ts  of c a p a c i ta n c e  
t o  be made and by  a p p ly in g  a sms. 1 1  to rq u e  t o  th e  c a p s ta n  head th e  b e a t  
f r e q u e n c y  cou ld  be changed by  a few c y c le s  p e r  sec o n d .  This showed 
com ple te  freedom  from  b a c k la s h  in  th e  condense r  w i t h i n  th e  l i m i t s  w i th  
w hich  th e  co n d en se r  cou ld  be r e a d ,  and i t  was a d j u s t a b l e  t o  a f a r  
h ig h e r  d eg ree  o f  p r e c i s i o n  th a n  t h a t  w i t h  w hich  th e  s c a l e  could  be read,
The c o n d en se r  was c a l i b r a t e d  by t h e  »step» method, u s in g  th e  
h e te ro d y n e  b e a t  a p p a r a tu s .  The p r e c i s i o n  condenser  was a d ju s t e d  t o  
r e a d  z e r o ,  and by o p e r a t in g  t h e  r e l a y  a sm a l l  f i x e a  condenser was 
i n t r o d u c e d  i n t o  t h e  c i r c u i t .  By a d j u s t i n g  th e  tr im m in g  condensers  i n  
t h e  v a r i a b l e  f r e q u e n c y  o s c i l l a t o r ,  th e  o s c i l l a t o r s  w ere matched t o  
z e ro  b e a t s .  The f ix e d  condenser was t h e n  removed from  th e  c i r c u i t  by 
t h e  o p e r a t i o n  o f  t h e  r e l a y  and th e  o s c i l l a t o r s  were a g a in  matched by 
ad ju s tm e n t  o f  th e  p r e c i s i o n  c o n d en se r .  The new r e a d in g  was re c o rd e d .  
The p r e c i s i o n  co n d en se r  was r e a d ju s t e d  t o  zero  and th e  above o p e ra t io n s  
r e p e a t e d .  The mean o f  s e v e r a l  r e a d in g s  was t a k e n  as th e  c o r r e c t  
c a p a c i t y  in c re m e n t .
The p r e c i s i o n  condenser was th e n  a d ju s t e d  t o  t h i s  mean re a d in g  and 
t h e  p ro c e ss  r e p e a te d  f o r  t h e  second * s tep * .  In  t h i s  manner, t h e  whole
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s c a l e  o f  th e  co n d en se r  was c a l i b r a t e d .  By r e p e a t i n g  re a d in g s  a t  
s e v e r a l  p o in t s  o f  t h e  s c a l e ,  t h e  c a l i b r a t i o n  was found t o  be s a t i s ­
f a c t o r y  w i t h i n  th e  l i m i t s  o f  t h e  a c c u ra c y  w i th  w hich  th e  s c a l e  could  
be r e a d .  The r e s u l t s  o b ta in e d  a re  shown i n  F ig u re  ( 3 ) .
A lthough  i n  a c t u a l  measurements t h e  c a p a c i ty  o f  th e  p r e c i s i o n  
co n d en se r  was always adjus-ced so t h a t  when i t  was in  th e  c i r c u i t  th e  
b e a t  f r e q u e n c y  was as n e a r l y  as p o s s i b l e  th e  same as when t h e  d i e l e c t r i c
c e l l  was in  t h e  c i r c u i t .  I t  was a l s o  d e s i r a b l e  t o  d e te rm in e  th e
c o r re sp o n d in g  change i n  th e  b e a t  f r e q u e n c y  when th e  p r e c i s i o n  condenser 
was a d ju s t e d  by  th e  minimum c a p a c i ta n c e  change d e t e c t a b l e  on t h e  s c a l e .  
From
f  =  --------- ............................................................... 1 .
2 TT
d i f f e r e n t i a t i o n  w i th  r e s p e c t  t o  C (L rem a in ing  c o n s ta n t )  g iv es
£ £  = -  1  2
4ttC
d iv i d i n g  ( 2 ) by ( 1 )
d f  -  dC ' 3
-  = I c  .................................................................................................
As f  = 10^ c . p . s .  and C = 500 x 10"^^F ( a p p ro x . )  f o r  a change o f  c a p a c i ty  
dC = 0 .0 1  X 10"^%^ 
from  (3)
d f  -  0 . 0 1  X 10"'^
■" ^ X 500 X 10 "
i . e .  d f  = 1 0  c . p . s .
Thus i t  i s  o n ly  n e c e s s a r y  t o  maton th e  c a p a c i t y  o f  t h e  p r e c i s i o n  
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f i v e  oyo le»  per sec o n d ,  always assum ing t h a t  th e  b e a t s  a re  on th e  same 
s id e  o f  t h e  ze ro  b e a t  p o s i t i o n .
D i e l e c t r i c  C e l l
The d i e l e c t r i c  c e l l  (F ig u re  4) was a  m o d if ied  form  o f  th e  ty p e  
f i r s t  in t r o û u c e d  by  Sayce and B r is c o e  ( 4 ) .  Access t o  th e  a n n u la r  
space  betw een th e  two c o a x ia l  g la s s  tu b e s  was p ro v id e d  by  two 3  mm. 
bore  c a p i l l a r y  tu b e s  w h ich , t o g e t h e r  w i th  th e  narrow  tu b e  c a r r y in g  a 
p la t in u m  c o n ta c t  t o  th e  in s id e  o f  t h e  o u te r  t u b e ,  were s u p p o r te d  by 
g la s s  t i e - a r m s  a t t a c h i n g  them  t o  th e  main body o f  th e  c e l l .  These 
arms g r e a t l y  in c re a s e d  t h e  c e l l ' s  r e s i s t a n c e  t o  m ech an ica l s t r a i n  and 
so  improved th e  s t a b i l i t y  of, i t s  e l e c t r i c a l  c a p a c i ty .  The p la t in u m
w ire  s e r v in g  as a c o n n e c t io n  t o  t h e , in n e r  s u r f a c e  o f  th e  c e l l  was
' ■ ■ I ■ ■
e x ten d e d  a lo n g  th e  a x is  and fu s e d  i n t o  a g l a s s  cup a t  th e  t o p  o f  t h e
! : . - ' ! i ^
c e l l .  A no ther f e a t u r e  in  w hich  th e  c e l l  d i f f e r e d  from  th e  conven­
t i o n a l  S a y c e -B r isc o e  p a t t e r n  was th e  i n t r o d u c t i o n  o f  a fu se d -o n  gold
■ ' ;
band about 2  cm. w id e ,  on th e  i n s id e  o f  t h e  o u t e r  t u b e ,  th e  to p  o f
■ I
t h i s  band b e in g  about 1  cm.^ below th e  i n t e r n a l  s e a l .
f
The c e l l  was s i l v e r e d  t o  w i t h i n  5 cm. o f t h e  i n t e r n a l  s e a l  by th e  
method in t r o d u c e d  by  Sugden ( 5 ) j f o u r  a p p l i c a t i o n s  o f  th e  s i l v e r i n g  
s o l u t i o n  gave a  s a t i s f a c t o r y  c o a t i n g .  The p re sen ce  o f  a g o l d - l e a f  
r i n g  f i t t e d  t o  th e  o u t e r  s u r f a c e  r e n d e re d  i t  im p o ss ib le  t o  see  t h e  
l e v e l  of th e  s i l v e r i n g  s o l u t i o n  so a c o n s ta n t  volume o f th e  s o l u t i o n  
was added f o r  e a c h  c o a t in g  i n  an a t te m p t  t o  ge t u n ifo rm  upper edges 
t o  th e  r e s u l t i n g  p l a t e s .
The d i e l e c t r i c  c e l l  was su p p o r te d  in  th e  th e r m o s ta t  by  a b ra s s  
s ta n d  which was c o n s t r u c t e d  so  t h a t  th e  c e l l  co u ld  be e a s i l y  i n s e r t e d
F I Q U R E  4 . D I E L E C T R I C  C E L L
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and removed. I t  was im p o r tan t  t o  e n su re  t h a t  th e  c e l l  was n o t s t r a i n e d  
by th e  s ta n d  a s ,  o th e r w is e ,  t h i s  caused  changes i n  i t s  c a p a c i t y .  The 
s ta n d  was c o n s t r u c te d  so t h a t  th e  c e l l  cou ld  be lo c a t e d  a c c u r a t e l y ,  b u t  
w i th o u t  any m ech an ica l  p r e s s u r e  b e in g  a p p l ie d  to  i t .
A D is t r e n e  p la t f o r m  was b o l t e d  on to  th e  s id e  o f  t h e  th e r m o s ta t  
and i t  was f i t t e d  w i th  two s t a i n l e s s  s t e e l  m ercury  cu p s .  Two rods o f  
1 2  s .w .g .  b r a s s ,  b e n t  tw ic e  a t  r i g h t  a n g le s ,  se rv ed  as c o n n ec t io n s  from 
th e  c e l l  t o  th e  m ercury  c u p s ,^ an d  f u r t h e r  b r a s s  rods  were u sed  as 
c o n n ec t io n s  from  th e  cups t o  th e  r e l a y  u n i t .
The c e l l  had a c a p a c i ty  o f  abou t 90 jujiF w i th  n i t r o g e n  as d i e l e c t r i c ,  
end r e q u i r e d  abou t 2 0  c . c .  of l i q u i d  t o  f i l l  i t .
The c h i e f  a d v an tag e  o f  t h e  S a y c e -B r ise o e  ty p e  o f  c e l l  i s  t h a t  t h e r e  
i s  no s o l i d  d i e l e c t r i c  betw een th e  s i l v e r e d  p l a t e s ,  and v e r y  l i t t l e  in  
th e  ne ighbourhood  o f  t h e  ed g e .  A lso ,  e a r t h i n g  th e  o u te r  p l a t e  p ro v id e s  
an  a lm os t com plete  e l e c t r o s t a t i c  s c r e e n  and t h e  c e l l  v e ry  c l o s e l y  
app rox im ates  t o  a p e r f e c t  co n d en se r .  There i s  a s m a l l  edge e f f e c t  
w hich i s  due c h i e f l y  t o  th e  c a p a c i t y  betw een th e  edges o f  t h e  in n e r  
s i l v e r e d  s u r f a c e  and t h e  e a r th e d  t h e r m o s t a t .  I t  was w i th  th e  id e a  o f  
re d u c in g  t h i s  e d g e - e f f e c t  t h a t  th e  g o l d - l e a f  r i n g  was in t r o d u c e d .  The 
d i e l e c t r i c  in v o lv e d  i n  th e  edge e f f e c t  i s  p a r t l y  th e  s o l u t i o n  i n  th e  
c e l l  and p a r t l y  t h e  o u t e r  g l a s s  w a l l  o f  th e  c e l l .  In  a d d i t i o n  t h e r e  
e x i s t s  a v e ry  s m a l l  e f f e c t  due t o  t h e  c a p a c i t y  be tw een th e  in n e r  
p la t in u m  c o n n e c t in g  w ire  and th e  e a r th e d  t h e r m o s t a t .  A gain , t h e  
d i e l e c t r i c  i s  m ix ed ^ in v o lv in g  th e  a i r  space be tw een  th e  w ire  and th e  
in n e r  g la s s  c e l l  w a l l ,  t h e  s o l u t i o n  and t h e  two g l a s s  w a l l s .  This 
e f f e c t  was m in im ised  by u s in g  a v e ry  t h i n  p la t in u m  c o n n e c t in g  w ire
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p a s s in g  a x i a l l y  up t h e  c e n t r e  o f  th e  c e l l .  C a l c u l a t i o n  showed t h a t  th e  
c a p a c i t y  o f  t h i s  w ire  t o  th e  o u t e r  p l a t e  and t o  th e  th e r m o s ta t  i s  sm e ll  
(0 .5  pjaF) and t h a t  i t s  maximum v a r i a t i o n  with-*change of t h e  d i e l e c t r i c  
c o n s ta n t  of th e  medium in  the  c e l l  from  1 t o  3 was o n ly  0 .005  ;mjaF and 
so  co u ld  be  n e g l e c t e d .
The edge e f f e c t  o f  t h e  Sayce and B r is c o e  ty p e  o f  c e l l  has been  
s tu d ie d  i n  d e t a i l  by B a l l  (6 ) and Sugden ( lo o .  c i t . )  in  t h e i r  i n v e s t ­
i g a t i o n  o f  t h e  a b s o lu t e  d i e l e c t r i c  c o n s ta n t s  o f  l i q u i d s  up t o  a  v a lu e  o f  
abou t 30. On ig n o r in g  th e  edge e f f e c t  th e  e x p e r im e n ta l ly  de te rm in ed  
v a lu e s  were found t o  be s l i g h t l y  low er t h a n  th e  a b s o lu t e  v a lu e s ,  th e  
d i s c r e p a n c y  i n c r e a s i n g  w i t h  in c r e a s e  o f th e  d i e l e c t r i c  c o n s ta n t  o f  th e  
s u b s ta n c e  u nde r  e x a m in a t io n .  The edge c a p a c i t y  c o r r e c t i o n  C, in v o lv in g  
a mixed d i e l e c t r i c ,  i s  r e l a t e d  t o  th e  d i e l e c t r i c  c o n s ta n t  o f  th e  l i q u i d ,  
C, ,and  t o  t h a t  of th e  o u t e r  w a l l ,  ^by th e  e q u a t io n ,
1 >
c oC
where d^ and dg a re  th e  t h i c k n e s s e s  o f  t h e  d i e l e c t r i c  la y e r s  o f  th e  
l i q u i d  and g la s s  w a l l  r e s p e c t i v e l y .  The edge e f f e c t  i s  t h e r e f o r e  
n e i t h e r  p r o p o r t i o n a l  t o ,  n o r  in d ep en d en t o f ,  th e  d i e l e c t r i c  c o n s ta n t  
o f  t h e  l i q u i d .
The p r e s e n t  work has in v o lv e d  th e  measurement o f  d i e l e c t r i c  
c o n s ta n ts  o f  s o l u t i o n s  v a ry in g  o n ly  s l i g h t l y  from  t h a t  o f  th e  pure  
s o l v e n t  so  t h a t  th e  edge c o r r e c t i o n  was s m a l l .  This was d e te rm in ed  
by th e  te c h n iq u e  o f  Sugden in  which th e  c a p a c i ty  o f  t h e  c e l l  was 
m easured b o th  n e a r  t o ,  and rem ote  from , e a r th e d  c o n d u c to r s ,  th e  change
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of c a p a c i t y  b e in g  a measure o f  t h e  c e l l  c o r r e c t i o n .  A copper c o l l a r  
was c o n s t r u c te d  w hich c l o s e l y  f i t t e d  th e  o u t e r  w a l l  o f  th e  c e l l .  I t  
was ab o u t 3 cm. lo n g  end was e a r th e d .  By a l lo w in g  t h e  c o l l a r  t o  s l i d e  
below  t h e  l e v e l  o f  t h e  edge o f  th e  s i l v e r e d  s u r f a c e s ,  and a l s o  t o  move 
up above th e s e  s u r f a c e s ,  t h i s  e a r th e d  s c r e e n  s im u la te d  th e  absence  and 
p re sen c e  o f  th e  e a r th e d  th e r m o s ta t  w a te r .
The d i e l e c t r i c  c e l l  was su p p o r te d  i n  an  a i r  th e r m o s ta t  a t  2 3 ° ,  
rem ote from e a r th e d  c o n d u c to r s .  The c o l l a r  was a d ju s t e d  t o  a p o s i t i o n  
below  t h e  l e v e l  o f  th e  edge o f  th e  s i l v e r e d  s u r f a c e s  and th e  c a p a c i t y ,  
w i th  n i t r o g e n  as d i e l e c t r i c ,  was t h e n  d e te rm in e d .  The c o l l a r  was 
moved up s o  t h a t  i t s  u p p e r  edge was a t  t h e  l e v e l  g e n e r a l l y  occup ied  by 
th e  s u r f a c e  o f  th e  w a te r  in  t h e  t h e r m o s t a t ,  and th e  c a p a c i ty  a g a in  
d e te rm in e d .  This  v a lu e  was s l i g h t l y  h ig h e r  th a n  i n  t h e  fo rm er c a s e ,  
t h e  d i f f e r e n c e  c o r re sp o n d in g  t o  th e  c a p a c i t y  betw een t h e  in n e r  s i l v e r e d  
s u r f a c e  and th e  e a r th e d  m a t e r i a l  o u t s id e  t h e  c e l l . The p ro ced u re  was 
th e n  r e p e a te d  w i th  l i q u i d s  c o v e r in g  th e  d i e l e c t r i c  ran g e  1 .9  t o  2 .7 .
A g rap h  was p l o t t e d  (F ig u re  5) g iv in g  th e  v a r i a t i o n  o f  th e  edge 
c o r r e c t i o n  w i th  d i e l e c t r i c  c o n s ta n t  o f  th e  l i q u i d  c o n ta in e d  in  th e  c e l l  
( l i n e  I )  t o g e t h e r  w i th  t h e  f i g u r e s  o b ta in e d  by  Few ( l o c .  c i t .  p . 18) 
f o r  a  c e l l  s i m i l a r  i n  g e n e r a l  d e s ig n  t o  t h a t  u sed  i n  t h i s  i n v e s t i g a t i o n  
b u t  n o t  h av ing  a guard  r i n g  ( l i n e  I I ) .  The c o r r e c t i o n  in  th e  l a t t e r  
case  i s  s e e n  t o  be  abou t t e n  t im e s  t h a t  found in  th e  p r e s e n t  i n v e s t i g a ­
t i o n .  Few showed t h a t  t h e  edge c o r r e c t i o n  was a lm o s t  e x a c t l y  c a n c e l l e d  
by t h e  c o r r e c t i o n  t o  be a p p l ie d  due t o  t h e  use  o f  6  = 1  f o r  t h e  
d i e l e c t r i c  c o n s ta n t  o f  n i t r o g e n  i n  t h e  c a l c u l a t i o n  o f  r e s u l t s ,  w i th  







]) l  E LEC TR IC  C O N Sr/N N T  OF LI&UiT)
FI QURE 5. D I E L E C T R I C  CELL EDQE CORRECTION
15
c o r r e c t  w i t h i n  th e  l i m i t s  of e x p e r im e n ta l  e r r o r .  The r e d u c t io n  o f  th e  
edge e f f e c t  by means o f  a guard r i n g ,  how ever, seems r a t h e r  more s a t i s ­
f a c t o r y  th a n  u s in g  t h i s  r a t h e r  f o r t u i t o u s  c i r c u m s ta n c e .
R e f r a c t i v e  In d ic e s
The r e f r a c t i v e  in d ic e s  o f th e  pure  s o lv e n t s  and s o lu t io n s  were 
d e te rm in ed  a t  th e  sodium  D - l in e  u s in g  an Abbe r e f r a c t o m e t e r .  The c e l l  
o f  t h e  in s tru m en t!w as  m a in ta in ed  a t  25® by r a p i d l y  c i r c u l a t i n g  w a te r  
from th e  th e r m o s ta t  th ro u g h  th e  h e a t in g  b lo c k  by means of a c e n t r i f u g a l  
pump. The a b s o lu t e  e r r o r  o f  th e  r e f r a c t i v e  in d ic e s  was i n  g e n e r a l  le s s  
th a n  t  O.OOOl*
D e n s i t i e s
The d e n s i t i e s  were d e te rm in ed  r e l a t i v e  t o  t h e  d e n s i t y  o f w a te r  a t  
4 °C as u n i t y .  A m o d if ied  S p re n g e l  ty p e  pyknometer (F ig u re  6 ) w i th  a
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c a p a c i t y  o f  a p p ro x im a te ly  f o u r t e e n  c u b ic  c e n t im e t r e s  was used f o r  t h i s  
p u rp o s e .  I t  had two f i n e  b o re  c a p i l l a r y  s id e  arms w hich were p ro v id ed  
w i th  ground g l a s s  caps  t o  p re v e n t  lo s s  by  e v a p o r a t io n ,  and was p ro v id ed  
w i th  a rem ovable p la t in u m  s t i r r u p  f o r  e a s y  a t ta ch m e n t  t o  th e  b a la n c e .  
When th e  pyknometer was in  th e  t h e r m o s t a t  i t  was su p p o r te d  by  a b ra s s  
fram e.
R epeated  t e s t s  w i th  b o i l e d  o u t d i s t i l l e d  w a te r  i n d ic a te d  t h a t  t h e  
a c c u ra c y  o f  t h e  d e n s i t i e s  depended m a in ly  on th e  s e n s i t i v i t y  o f  th e  
b a la n c e  u s e d ,  and n o t  on t h e  a d ju s tm en t  o f  t h e  pyknometer t o  c o n s ta n t  
volume, t h e  a b s o lu t e  e r r o r  b e in g  abou t i  0 *0 0 0 0 2 .
W eighings ^
A S ta n to n  Model C*B*3 b a la n c e  was u sed  i n  th e  p r e p a r a t i o n  o f  t h e
p y k n o m e t e r
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s o l u t i o n s  and fo r  t h e  d e te r m in a t io n  o f  t h e  d e n s i t i e s .  I t  had a 
s e n s i t i v i t y  o f  2 . 2  d iv i s io n s  p e r  m i l l ig r a m  th ro u g h o u t  th e  range u sed ,  
so  t h a t  th e  w e ig h in g s  were a c c u r a te  t o  0 .1  m i l l i g r a m s .  The w e ig h ts  
were c a l i b r a t e d  a g a i n s t  an N .P .L . c e r t i f i c a t e d  m i l l ig r a m  r i d e r .  A l l  
g l a s s  a p p a ra tu s  t o  be weighed was c a r e f u l l y  c lea n e d  and hand led  w i th  
s i l k  and l e f t  in  th e  b a la n c e  case  f o r  f i f t e e n  m inutes  b e fo re  b e in g  
w e ighed .
T em pera tu re  C o n t r o l
The te m p e ra tu re  o f  th e  l a b o r a t o r y ,  i n  which th e  h e te ro d y n e  b e a t  
a p p a ra tu s  was s i t u a t e d ,  d id  n o t  v a ry  by  more th a n  two d eg re es  d u r in g  
th e  co u rse  o f t h e  day b u t  in  o rd e r  to  p re v e n t  l a rg e  f re q u e n c y  d r i f t s  
th e  a p p a r a tu s  was s h ie ld e d  from  d i r e c t  s u n l i g h t .
The th e r m o s ta t  was f i l l e d  t o  a c o n s t a n t  l e v e l  w i th  w a te r  w hich 
was e a r t h e d ,  th e  l e v e l  b e in g  marked on th e  g l a s s  w a l l  o f  t h e  t a n k .
The w a te r  was e f f i c i e n t l y  a g i t a t e d  by means o f  an e l e c t r i c a l l y  d r iv e n  
s t i r r e r .  A t o lu e n e -m ercu ry  s p i r a l  r e g u l a t o r  o p e ra te d  th e  carbon  
f i l a m e n t  h e a t i n g  lamp th ro u g h  a Sunvic  Type E .A .2  e l e c t r o n i c  r e l a y  
and was a d ju s t e d  t o  m a in ta in  th e  t h e r m o s ta t  a t  25° ^  0 .0 0 2 ° .  The 
te m p e ra tu re  r e g i s t e r e d  by  th e  Beckmann therm om eter showed no d e t e c t ­
a b le  v a r i a t i o n  when i t  was moved t o  d i f f e r e n t  p o in t s  i n  th e  th e r m o s ta t  
The therm om eter had p r e v io u s ly  been  c a l i b r a t e d  by com parison  w i th  an 
N .P .L . c e r t i f i c a t e d  th e rm o m ete r .
17
S e c t io n  I I
Method o f  C a l c u l a t i o n  o f  th e  D i e l e c t r i c  C o n s ta n ts  
No a t te m p t  has  been  made t o  d e te rm in e  a b s o lu te  d i e l e c t r i c  c o n s ta n ts  
i n  t h i s  i n v e s t i g a t i o n .  A t t e n t io n  has been  p a id  p r i m a r i l y  t o  th e  
a c c u r a te  d e te r m in a t io n  o f r e l a t i v e  d i e l e c t r i c  c o n s ta n t s  of s o lu t io n s  
d i f f e r i n g  o n ly  s l i g h t l y  from t h e  va lu e  f o r  th e  pure  s o l v e n t .
Two r e f e r e n c e  s u b s ta n c e s  were used  in  th e  d e te r m in a t io n  o f  th e  
d i e l e c t r i c  c o n s t a n t s ,  nam ely:
pure  d ry  benzene =  2 .2725 (H a r tsh o rn  and O l iv e r  ( ? )  )
d ry  n i t r o g e n  =  1.0005 ( l . C . T . )
A l l  c o n d en se r  r e a d in g s  were c o n v e r ted  i n t o  s t e p  num bers, and th e  
d i e l e c t r i c  c o n s ta n ts  computed as fo l lo w s  : 
i f  Cq =  c a p a c i t y  o f  c e l l  i n  vaccuo ^
th e n  Cq^ j =: ^ c a p a c i t y  o f  c e l l  w i th  n i t r o g e n  as d i e l e c t r i c ,
Co6 g =: " benzene ”
" " s o l u t i o n  "
I f  R^, Rg and Rg a r e  th e  c o r re sp o n d in g  s t e p  numbers and Cj  ^ i s  th e  
c a p a c i ty  o f  th e  c e l l  le ad s  t o  th e  r e l a y  u n i t ,  e t c .  (assumed c o n s ta n t  
th ro u g h o u t  t h e  c o u rse  o f  a run )  t h e n .
^o^N ^  • V • • • • ' • •
CcfB +  =5%  . . . . ,  . . . ,  . 2 .
^o^S = ^ 3  • • • • • • • • •  3 .
From (1) and (2 )
Cq ( ^ B  ■ ^ n ) %  , -  %N c '  " '  ' •
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From ( l )  and (3)
S “ ^  TT^  "  ■ %  .............................
Then
and
_ % ~ % '   6 .
- £ n %  -  %
-  %  r  r  ■. C
-  ¥  •  •  •  •Rg -  Rjif B N
The d i e l e c t r i c  c o n s ta n t s  can be c a l c u l a t e d  from e q u a t io n  (? )  from th e
re a d in g s  R g , Rg and Rjj and th e  known v a lu es  o f  Cg and
I f  .. :
®S ■ ®N
=  K, - '
%  -  %
th e n  th e  v a lu e s  of£g when K = 1, 1 .25  and 1 .60  a re
2 .2 7 2 5 ,  2.59G5q and 2 .9 0 8 5 o ,
w hereas i f  t h e  d i e l e c t r i c  c o n s ta n t  o f  n i t r o g e n  i s  assumed t o  be u n i t y ,  
th e  c o r re sp o n d in g  v a lu es  o f  £ 3  a re
2 .2 7 2 5 ,  2 . 5 9 O6 3  and 2 .9087g .
The e r r o r  in t r o d u c e d  is
z e r o ,  +O.OOOI3  and + 0 .0 0 0 2 g .
The v a lu e s  f o r  t h e  s o l u t io n s  a re  s l i g h t l y  h ig h e r  i n  t h i s  c a s e ,  th a n  
th o s e  u s in g  1.0005 as t h e  d i e l e c t r i c  c o n s ta n t  o f  n i t r o g e n .  In  p re v io u s  
i n v e s t i g a t i o n s  i t  had been  found t h a t  th e  e r r o r  in t ro d u c e d  by assuming 
t h a t  t h e  d i e l e c t r i c  c o n s ta n t  o f  n i t r o g e n  i s  u n i t y  i n s t e a d  of 1.0005 was 
n u l l i f i e d  by th e  edge c o r r e c t i o n  o f  th e  c e l l .
S in ce  t h e  p r e s e n t  measurements have been  com pleted a r e v i s e d  v a lu e  
o f  th e  d i e l e c t r i c  c o n s ta n t  o f  benzene a t  25° has been  p u b l is h e d  by
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H a r t s h o rn ,  P a r r y  and E s se n  ( 8 ) ,  v i z .  2 .2 7 4 1 . A lthough  th e  assum ption  
o f  t h i s  v a lu e  in c r e a s e s  th e  a c t u a l  v a lu es  o f  t h e  d i e l e c t r i c  c o n s ta n ts  
i t  has o n ly  a v e ry  sm a l l  e f f e c t  on th e  v a lu e  deduced f o r  th e  d i e l e c t r i c  
c o n s ta n t  in c re m e n t , A 6 . Thus t h e  new va lue  lead s  t o  a d i f f e r e n c e  o f
0 .0016  f o r  an in c rem en t of 1 .2745 o r  0.12% in  t h e  d i e l e c t r i c  in c re m en t ,  
and hence in  th e  v a lu e  o f deduced . This i s  i l l u s t r a t e d  by  th e  
c a l c u l a t i o n  o f  th e  d ip o le  moment of m - n i t r c a n i l i n e  in  C h ap te r  I I  which 
has been  deduced on b o th  b a s e s .
E v a lu a t io n  o f  th e  Edge C o r r e c t io n
U sing  th e  g raph  of t h e  edge c o r r e c t i o n  (F ig u re  5 , l i n e  l )  t h e  
f o l lo w in g  c o r r e c t e d  v a lu e s  o f  t h e  d i e l e c t r i c  c o n s t a n t s ,  f o r  E =  1 .25  
and 1 .6 0 ,  may be o b ta in e d :
2.5906g and 2 .7088o
f o r  w h ich  th e  c o r re sp o n d in g  u n c o r re c te d  v a lu es  a re  
— 2.5906g and £ 3  2 .7087g .
The e f f e c t  o f  t h e  edge c o r r e c t i o n  b e in g  zero  a t  th e  d i e l e c t r i c  c o n s ta n t  
o f  t h e  c a l i b r a t i n g  l i q u i d ,  benzene .
The t o t a l  e r r o r s ,  n i t r o g e n  e r r o r  and edge c o r r e c t i o n  a r e  t a b u l a t e d  
be low .
d . c .  o f  s o l u t i o n  N i t ro g e n  e r r o r  Edge e r r o r  T o ta l  e r r o r  
2 .2725  -  -
2 .5 9  + 0 .0 0 0 I 3  -  O.OOOO3  + O.OGOIq
2 .7 1  + 0 . 0 0 0 2 5  -  O.OOOO5  + 0 .0002
T hus , i f  t h e  d i e l e c t r i c  c o n s ta n t  of n i t r o g e n  i s  assumed t o  be u n i t y  
and t h e  edge c o r r e c t i o n  o f  t h e  c e l l  i s  ig n o re d ,  t h e  r e s u l t i n g  d i e l e c t r i c
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c o n s t a n t s ,  up t o  v a lu e s  o f  £  = 2 . 6 , a re  f r e e  from  b o th  e r r o r s  w i th in  
t h e  a c c u ra c y  p e r m i t t e d  by t h e  s c a l e  o f  t h e  p r e c i s i o n  co n d en se r ,  i . e .  
w i t h i n  ± 0 . 0 0 0 1 .
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S e c tio n  I I I
Method o f  C a l c u l a t i o n  o f  th e  M o lecu la r  P o l a r i s a t i o n s
Moments
The m o le c u la r  p o l a r i s a t i o n  o f  a  p o la r  compound is  th e  sum o f  two 
t e r m s ,  th e  o r i e n t a t i o n  p o l a r i s a t i o n ,  I ^ ,  due t o  th e  perm anent moment 
o f  th e  m olecu le  and t h e  d i s t o r t i o n  p o l a r i s a t i o n ,  P^, w hich  a r i s e s  from 
th e  d isp la c e m e n t  o f  t h e  e l e c t r o n s  and th e  a tom ic  n u c le i  by  th e  a p p l ie d  
e l e c t r i c  f i e l d .  I t  was f i r s t  shown by Debye (9) t h a t  in  th e  case  o f  
a  p o l a r  compound th e  C la u s iu s - M o s o t t i  e q u a t io n  r e q u i r e d  a f u r t h e r  te rm  
due t o  t h e  p re sen ce  o f  th e  permanent d ip o le  and th e  e q u a t io n  deduced 
by  Debye was
=  4-nK«: . . . . . .  1 .
2  D ^  . - r -  +  - m -
The d e r i v a t i o n  o f  t h i s  e q u a t io n  inv o lv ed  th e  a ssu m p tio n  t h a t  th e  
m o lecu le s  a re  s u f f i c i e n t l y  f a r  a p a r t  t o  p re v e n t  any i n t e r a c t i o n  betw een 
them , t h e r e f o r e  r e s t r i c t i n g  th e  use  o f  th e  e q u a t io n  t o  gases  a t  low 
p r e s s u r e s .  Debye p o in te d  ou t t h a t  on th e  an a lo g y  o f  th e  K in e t ic  
b e h av io u r  o f  a s o l u t e  in  d i l u t e  s o l u t i o n ,  th e  e q u a t io n  d e r iv e d  f o r  th e  
m o le c u la r  p o l a r i s a t i o n  o f  a s u b s ta n c e  in  t h e  i d e a l  gas s t a t e  sh ou ld  be 
a p p l i c a b l e  to  th e  case  o f  a p o l a r  s o l u t e  a t  low c o n c e n t r a t io n  in  a 
n o n - p o la r  s o l v e n t ,  p ro v id e d  t h a t  t h e r e  i s  no s p e c i f i c  m utual i n t e r ­
a c t i o n .  This in v o lv es  th e  assum ption  t h a t  f o r  a two component system  
th e  d i e l e c t r i c  p o l a r i s a t i o n  can be re g a rd e d  as a d d i t i v e  f o r  th e  two 
d i f f e r e n t  ty p es  o f  m o le c u le s .  Thus f o r  a s i n g l e  m o le c u la r  s p e c ie s
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th e  C leu a iu s -M o eo tt i-D eb y e  th e o r y  le ad s  t o  t h e  e x p r e s s io n
where Z i s  th e  number o f  m olecu les  p r e s e n t  p e r  u n i t  volume and ^  i s  
t h e i r  p o l a r i s a b i l i t y .  Hence f o r  two m o le c u la r  s p e c ie s  o f  p o l a r i s a b i l i t y ,
S .a n d  I S i
and t h e r e f o r e  th e  s p e c i f i c  p o l a r i s a t i o n  o f  t h e  m ix tu re  p is  g iven  by
P ^  -T =  | - r r ( z , v
6 + 2  3
where v i s  th e  s p e c i f i c  volume o f  th e  s o l u t i o n .
I f  t h e  m olecu les  o f  th e  two components have masses m , and m^, 
th e n  2 ,v  and z^v, th e  numbers o f m olecu les  o f  th e  two ty p e s  p e r  gram 
o f  s o l u t i o n  a re  e q u a l  t o  w,/m, end y f z / m ^  where w, and w^ a re  t h e  w e ig h t  
f r a c t i o n s  o f  t h e  components in  t h e  s o l u t i o n ,  so
=  —i  .V =
Now i f  t h e r e  were one pure  component, s a y  1, a lo n e ,  z^vm^ = 1, and hence 
i t s  s p e c i f i c  p o l a r i s a t i o n  p i s  g iv en  by  ^JT .
Hence
P =  P . ^  -t p^w^
Only a t  v e ry  low c o n c e n t r a t io n s  o f  a p o l a r  s o lu t e  i n  a n o n -p o la r  
s o l v e n t ,  however, w i l l  t h e r e  be any approach  t o  c o n d i t io n s  which w i l l  
j u s t i f y  th e  assum ption  in h e re n t  i n  t h e  Debye th e o r y  t h a t  th e  d ip o le s  
a re  to o  f a r  a p a r t  t o  undergo  any m utua l i n t e r a c t i o n .  I t  does n o t  
s u f f i c e  t h e r e f o r e  t o  de te rm in e  p ,  f o r  th e  s o l v e n t  and p f o r  one s o l u t i o n
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in  o rd e r  t o  o b te in  a v a lu e  o f  p ,  w hich  r e p r e s e n t s  th e  d i e l e c t r i c  
b e h a v io u r  o f  i s o l a t e d  s o l u t e  m o le c u le s ,  b u t  i t  i s  n e c e s s a ry  t o  make 
measurements on a s e r i e s  o f  s o l u t i o n s  o f  g ra d e d ,  m o d e ra te ly  low, , 
c o n c e n t r a t i o n s , and t o  e x t r a p o l a t e  th e  r e s u l t s  t o  ze ro  c o n c e n t r a t i o n .  
Under su ch  c o n d i t io n s  th e  v a lu e  o f  p^ sh o u ld  have th e  same s i g n i f i c a n c e  
as f o r  a  d i l u t e  gas
p . .
■ "A = T 'ï-Ï .»  I-TTKS, ■
I
where i s  th e  m o le c u la r  p o l a r i s a t i o n  o f  th e  s o l u t e  end ^ ^ i s  th e  
p o l a r i s a b i l i t y  o f  t h e  m olecu le  a r i s i n g  from  b o th  d i s t o r t i o n  and o r i e n t ­
a t i o n  o f  th e  m o le c u le ,  i . e .  Z^A"*"3u. But on th e  Debye th e o r y
= p^/3kT and hence
T h e re fo re  i f  th e  v a lu e  o f  can  be d e te rm in ed  and a l s o  th e  q u a n t i t y  
■^ ttN '5^)  ^i . e . ï^ E + A» P G en be c a l c u l a t e d .  In t h i s  work i t  has
been  assumed t h a t  Pg ^ a be r e p r e s e n te d  s u f f i c i e n t l y  c l o s e l y  by th e  
m o le c u la r  r e f r a c t i o n  o f  t h e  compound f o r  t h e  sodium D l i n e .  This i s  
most s a t i s f a c t o r i l y  de te rm in ed  by u s in g  a method analogous t o  t h a t  f o r  
t h e  m o le c u la r  p o l a r i s a t i o n ,  assum ing t h a t  - - -
r  =  w,
where r  i s  t h e  s p e c i f i c  r e f r a c t i o n  o f  t h e  s o l u t i o n .
Throughout t h i s  work th e  r e s u l t s  have been  i n t e r p r e t e d  on th e  b a s i s  
o f  t h i s  Debye t h e o r y .  I t  i s  known t h a t  t h i s  does n o t  t a k e  i n t o  acco u n t  
th e  change in  th e  e f f e c t i v e  d ip o le  moment o f  a m olecule  a r i s i n g  th ro u g h
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th e  p re sen c e  o f  a p o la r  i s  ab le  s o l v e n t . O the r  t h e o r i e s  such  as t h a t  o f 
O nsager have been  su g g e s te d  t o  t a k e  accoun t of t h e  e f f e c t  o f  th e  s o lv e n t  
b u t  so  f a r  none has been  su g g es te d  w hich i s  c ap ab le  o f  do ing  t h i s  w i th  
c e r t a i n t y .  The f a c t  t h a t  th e  moments as d e r iv e d  by th e  Debye th e o ry  
show, under s u i t a b l e  c o n d i t i o n s ,  v e c to r  a d d i t i v i t y  f e a t u r e s  s u p e r io r  t o  
th o s e  d e r iv e d  from o t h e r  t h e o r i e s ,  is  a s t r o n g  f a c t o r  i n  fa v o u r  o f  t h e i r  
use i n  th e  p r e s e n t  c o n te x t .
The p o l a r i s a t i o n  o f  th e  s o l u t i o n ,  P,%, i s  th e n  e q u a l  t o  th e  
p o l a r i s a t i o n  c o n t r i b u t i o n s  o f  th e  s o lv e n t  and s o l u t e .
^  M ,f +  . . .  2 .
The s u b s c r i p t s  1, 2 and 12 r e f e r  t o  th e  s o l v e n t ,  s o l u t e  and s o l u t i o n  
r e s p e c t i v e l y .  Assuming t h a t  t h e  p o l a r i s a t i o n  o f  th e  s o lv e n t  rem ains  
c o n s ta n t  over th e  ran g e  s t u d i e d ,  t h e  m o le c u la r  p o l a r i s a t i o n  o f  th e  
s o l u t e  can  be c a l c u l a t e d  from  t h i s  e q u a t io n .  The v a lu e  o f  P ^  d e r iv e d  
from  t h i s  e q u a t io n  v a r i e s  w i th  th e  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  in  a 
manner w h ic h ,  so f a r ,  c a n n o t  be c a l c u l a t e d  on any t h e o r e t i c a l  b a s i s .
The m o le c u la r  p o l a r i s a t i o n  a t  i n f i n i t e  d i l u t i o n ,  P ^ ^  , may be 
d e te rm in ed  by two m ethods .
The f i r s t  method in v o lv es  a g r a p h i c a l  e x t r a p o l a t i o n  o f  th e  curve 
produced by p l o t t i n g  th e  c a l c u l a t e d  m o le c u la r  p o l a r i s a t i o n  a t  each  
c o n c e n t r a t i o n  a g a in s t  th e  w e igh t f r a c t i o n  o f  th e  s o lu t e  p r e s e n t .
Sugden (lO ) has shown t h a t  th e  c a l c u l a t i o n  o f  P from  e q u a t io n  (2) 
can  be s i m p l i f i e d  by th e  use o f  s p e c i f i c  p o l a r i s a t i o n s .  S ince  th e  
m o le c u la r  p o l a r i s a t i o n  P ^ , i s  th e  p ro d u c t  o f  t h e  s p e c i f i c  p o l a r i s a t i o n ^
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p ^ , and th e  m o le c u la r  w e ig h t  M ^ o f  th e  s o l u t e ,  i t  fo l lo w s  from 
e q u a t io n  ( 2 )
p . f ,  - V .
t h a t
......................................................................3.
where w  ^ and w^ a re  th e  w e ig h t  f r a c t i o n s  o f  th e  s o l v e n t  and s o l u t e  
r e s p e c t i v e l y .
A lso ,
- ........................................................
where v^^ i s  th e  s p e c i f i c  volume o f th e  s o l u t i o n  s in c e
w =: 1  -  w . .... .................................................................5 .
Then, from (3) and ( 5 ) ,
Pz =  P > +  P'Z -  p. ........................................................6 .
and t h e r e f o r e
Pj .  -  +  Pit -  P . ^ .....................................7.
The v a lu e s  of , c a l c u l a t e d  by e q u a t io n  ( ? ) ,  a re  p l o t t e d  a g a in s t  th e
w e ig h t  f r a c t i o n  o f  th e  s o l u t e  p re s e n t  and th e  curve  e x t r a p o l a t e d  t o
€
W2 =  0 .
This method o f  c a l c u l a t i o n  in v o lv e s  two d i s a d v a n ta g e s .  S ince  th e
c a l c u l a t i o n  o f  P^ a t  a  p a r t i c u l a r  c o n c e n t r a t io n  in v o lv e s  th e  d i f f e r e n c e  
between th e  two te rm s and p ^ , which a re  v e ry  n e a r l y  e q u a l ,  th e  
p e rc e n ta g e  e r r o r  i n  P^ i n c r e a s e s  as w ^ d e c r e a s e s .  The manner i n  which 
P^ v a r i e s  w i th  t h e  c o n c e n t r a t i o n  o f  t h e  s o l u t e ^ p r e s e n t  i s  unknown so  
t h e  e x t r a p o l a t i o n  is  a l s o  u n c e r t a i n  i n  many o a se s .
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The o t h e r  method a v a i l a b l e  was used  in  t h i s  i n v e s t i g a t i o n  and i s  
due t o  Sm ith  and C le v e r  don (1 1 ) .  The d i e l e c t r i c  c o n s ta n t  o f  t h e  s o l u t i o n  
i s  assumed t o  v a ry  w i th  th e  w e ig h t  f r a c t i o n  o f  th e  s o l u t e  p r e s e n t  acco rd ­
ing t o  t h e  r e l a t i o n s h i p :
£ ,  + û C w ,  8 .
where oC and &re c o n s t a n t s .  In  t h e  case  o f  v e ry  d i l u t e  s o lu t i o n s  
where is  s m a l l  w^ i s  n e g l i g i b l e  and t h e r e f o r e  £  i s  a lm os t l i n e a r  
w i th  w  ^ . The v a lu e  o f  (X, in  th e s e  c a s e s ,  was de te rm in ed  by p l o t t i n g  
a g ra p h  of a g a in s t  w ^, th e  g r a d ie n t  g iv in g  oC .
The s p e c i f i c  volumes were assumed t o  v a ry  l i n e a r l y  w i th  th e  w e igh t 
f r a c t i o n  o f  th e  s o l u t e ,  a c c o rd in g  t o  t h e  r e l a t i o n s h i p :
whe r e ^ i s  a c o n s t a n t .
=  V_ + OW, ......................................................................9.
The v a lu e  o £ p  was de te rm in ed  by th e  r e l a t i o n .
P ------------
th u s  p la c in g  l e s s  w e ig h t  on th e  v a lu e s  o f  iz ^, ) a t  low c o n ce n t­
r a t i o n s  where th e  p o s s ib l e  e r r o r  in  (" ,^;, -  )/wq i s  l a r g e .  The v a lu e
o f ^  c a l c u l a t e d  a t  each  c o n c e n t r a t i o n  was found t o  be c o n s ta n t  w i th in  
th e  l i m i t s  o f  e x p e r im e n ta l  e r r o r .
The m o le c u la r  p o l a r i s a t i o n  a t  i n f i n i t e  d i l u t i o n  was c a l c u l a t e d  from 
th e  v a lu e s  o f  X a n d | 5 ,  u s in g  th e  e q u a t io n  d e r iv e d  by H a l v e r s t a t  and 
Kumler (12)
M ÔOL V, + (v, -  1 10.
( £ T  2 )
This e q u a t io n  can be d e r iv e d  by th e  co m b in a tio n  o f  e q u a t io n  (4) 
w i th  e q u a t io n s  (6 ) ,  ( s )  and (9) and d i f f e r e n t i a t i n g  th e  r e s u l t i n g
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e x p r e s s io n .  T h is  method o f  c a l c u l a t i o n  has t h e  advan tage  over th e  
fo rm er i n  t h a t  l i n e a r  e x t r a p o l a t i o n s  a re  u sed  which e re  based  on r e a s o n ­
ab le  a s su m p tio n s ;  a l s o  any e r r o r s  i n  th e  e x p e r im e n ta l ly  de te rm ined  
va lu es  o f  and v,^ a re  e v id e n t  b e fo re  com bina tion  in to  p o l a r i s a t i o n  
te rm s ,  where i n d i v i d u e l  e r r o r s  become masked.
A c tu a l l y ,  th e  v a lu e  of P found from g r a p h ic a l  e x t r a p o l a t i o n  of 
th e  ? 2  -  ^^2 curve to  wg — 0 , and th e  v a lu e  o f  ? ^ oc o b ta in e d  by l i n e a r  
e x t r a p o l a t i o n  of th e  g raph  ? 2  a g a i n s t  ( 6 ,%- l ) / ( ^  ^  £)» th e  volume 
p o l a r i s a t i o n ,  t o  ( £ , -  l ) / ( 6 ,+  2 ) ,  th e  volume p o l a r i s a t i o n  o f  th e  s o l v e n t ,  
a re  in  good agreem ent w i th  th e  va lue  o f  P ^ ^  o b ta in e d  from th e  p a ram ete rs  
b u t  t h e r e  i s  a g r e a t e r  d eg ree  o f  u n c e r t a i n t y .
The m o le c u la r  r e f r a c t i o n  f o r  t h e  sodium D l i n e  was c a l c u l a t e d  
s i m i l a r l y  from  th e  r e l a t i o n s h i p ,
W .  -  = M . j ^ ^  +
where n  ^ i s  t h e  r e f r a c t i v e  in d e x  o f t h e  pure s o lv e n t  f o r  th e  sodium C 
l i n e  and ^  i s  t h e  mean v a lu e  o f  ^  ove r  th e  c o n c e n t r a t i o n  range  s t u d i e d .
C a l c u l a t i o n  of D ipole  Moments
From e q u a t io n  (1) i t  i s  e v id e n t  t h a t ,  i n  o rd e r  t o  d e te rm in e  th e  
o r i e n t a t i o n  p o l a r i s a t i o n  and hence th e  d ip o le  moment o f  a compound, i t  
i s  n e c e s s a ry  t o  e v a lu a te  th e  d i s t o r t i o n  p o l a r i s a t i o n .  The d ip o le  
moment fo l lo w s  from th e  s u b s t i t u t i o n  o f th e  v a lu e s  o f  th e  d i s t o r t i o n  
and m o le c u la r  p o l a r i s a t i o n s  i n  th e  e q u a t io n :
P 2 «  -  P d =   1 1 -
The d i s t o r t i o n  p o l a r i s a t i o n  i s  i t s e l f  composed o f  two t e r m s ,  t h e
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e l e c t r o n i c  end a tom ic p o l a r i s a t i o n s .  I t  was shown by Maxwell (13) t h a t  
£  -  n to  f o r  a n o n -p o la r  s u b s ta n c e .  S u b s t i t u t i o n  of  t h e  v a lu e  o f  r>^ 
i n t o  th e  L o ren tz -L o ren z  m o le c u la r  r e f r a c t i o n  e q u a t io n  lead s  t o  a  va lue  o f  
t h e  m o le c u la r  r e f r a c t i o n  which i s  i d e n t i c a l  to  th e  m o lecu la r  p o l a r i s a t i o n  
c a l c u l a t e d  from  th e  C la u s iu s - M o s o t t i  e q u a t io n .
Thus,
~  Bp = Pjy -t Pg .  ^ . - ? . . . . 12.
In th e  case  o f  a p o l a r  compound, t h e  m o le c u la r  r e f r a c t i o n  c a l c u l a t e d  f o r  . 
l i g h t  of long w a v e - le n g th  ( i n f r a - r e d )  i s  e q u a l  to  t h e  e l e c t r o n i c  and 
atom ic p o l a r i s a t i o n s ,  th e  o s c i l l a t i o n s  b e in g  so  r a p id  t h a t  o n ly  e l e c t r o n s  
and n u c l e i  undergo d is p la c e m e n t ,  t h e  p re sen c e  of a permanent d ip o le  
h av ing  no in f lu e n c e  on th e  r e f r a c t i v e  in d ex .  ^ T h e re fo re ,  t h e ' t o t a l  
d i s t o r t i o n  p o l a r i s a t i o n  can  b e * c a lc u la t e d  by o b s e r v a t io n s  o f  th e  r e f r a c ­
t i v e  index  in  t h e  i n f r a - r e d  re g io n  o f  t h e  sp ec tru m . This method i s  n o t 
p r a c t i c a l l y  a p p l i c a b l e ,  due t o  th e  d i f f i c u l t y  in .o b s e r v in g  r e f r a c t i v e  
i n d i t e s  in  th e  i n f r a - r e d  r e g io n .  By measurements o f  th e  r e f r a c t i v e  
in d e x  f o r  l i g h t  in  t h e  v i s i b l e  r e g io n ,  a t  w hich  f r e q u e n c ie s  o n ly  th e  
e l e c t r o n s  undergo d is p la c e m e n t ,  th e  e l e c t r o n i c  p o l a r i s a t i o n  can  be 
c a l c u l a t e d .  Sugden (14) has i n d i c a t e d  t h a t  t h i s  v a lu e  o f t h e  e l e c t r o n i c  
p o l a r i s a t i o n  i s  g e n e r a l ly  1  -  2  c c .  g r e a t e r  t h a n  th e  v a lu e  o b ta in e d  by 
e x t r a p o l a t i o n  o f  t h e ' r e f r a c t i v e  i n d i c e s  t o  i n f i n i t e  w a v e - len g th  u s in g  
ft o n e - te rm  S e l lm e ie r  e q u a t io n .  In g e n e r a l  th e  a to m ic  p o l a r i s a t i o n  i s  
s m a l l ,  u s u a l l y  n o t more th a n  5^c,c. J en k in s  * (15) has p o in te d  ou t t h a t ,  
a l th o u g h  c o n f l i c t i n g  r e s u l t s  e x i s t ,  t h e  more a c c u r a te  th e  work, th e  
lower is  t h e  v a lu e  a s s ig n e d  f o r  t h e  a tom ic  p o l a r i s a t i o n  of a p a r t i c u l a r
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compound. As th e  a tom ic p o l a r i s a t i o n  is  a s s o c i a t e d  w i th  th e  bending  
v i b r a t i o n s  o f  d i p o l a r  bonds t h e r e  is  no d i r e c t  r e l a t i o n s h i p  between t h i s  
and th e  o v e r a l l  d ip o le  moment o f  a m o lecu le .  Much le s s  i s  t h e r e  any 
d i r e c t  p r o p o r t i o n a l i t y  w i th  t h e  e l e c t r o n  p o l a r i s a t i o n .  ' S ince  i t  depends 
on th e  d isp la c e m e n t  o f  such  p o l a r  bonds w i th  r e s p e c t  t o  one a n o th e r  in  
th e  f i e l d  i t  is  im p o ss ib le  t o  a l l o t  v a lu es  t o  g ro u p s .  T h e re fo re  th e  
t o t a l  d i s t o r t i o n  p o l a r i s a t i o n  i s  u s u a l l y  assumed to  be e q u a l  t o  
th e  m o le c u la r  r e f r a c t i o n  c a l c u l a t e d  f o r  l i g h t  a t  th e  w a v e - le n g th  o f  th e  
sodium D l i n e .  As most o f  t h e  compounds s tu d ie d  he re  had f a i r l y  h ig h  
d ip o le  moments t h i s  a ssu m p tio n  causes no g r e a t  e r r o r ,  as i t  d o e s ,  in  f a c t ,  
make a s m a l l  a l low ance  f o r  Pj^. On th e  o th e r  hand, when i n t e r p r e t i n g  
t h e  r e s u l t s  f o r  p i c r y l  c h lo r id e  and p ic r a m id e , where th e  a tom ic  
p o l a r i s a t i o n  i s  l i k e l y  t o  be e x c e p t i o n a l l y  h ig h ,  th e  moment has a l s o  
been  c a l c u l a t e d  us ing a v a lu e  o f  Pg + Pj^ based  on th e  va lu e  o f  P f o r  
1 : 3 : 5 - t r i n i t r o b e n z e n e ,  w h ich  c o n ta in s  a s i m i l a r  s e r i e s  o f  b a lan c e d  
d i p o l e s .
There seems to  be no c l e a r  r e l a t i o n s h i p  betw een d ip o le  moment and 
a tom ic  p o l a r i s a t i o n ,  and P^ v a lu es  canno t be a l l o t t e d  to  g ro u p s .  The 
p ro c e d u re  used  in  th e  p r e s e n t  work i s  t o  make no a l lo w an ce  f o r  P^.
The t o t a l  d i s t o r t i o n  p o l a r i s a t i o n  i s  assumed to  be e q u a l  to  R^, th e  
m o le c u la r  r e f r a c t i o n  c a l c u l a t e d  f o r  l i g h t  a t  th e  w a v e - le n g th  o f  th e  
sodium D - l i n e .
The m o le c u la r  r e f r a c t i o n s  may be c a l c u l a t e d  u s in g  an e x p re s s io n  
analagous  to _ e q u a t io n  ( 7 ) ,
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I t  was assumed t h a t  n v a r i e d  l i n e a r l y  w i th  th e  w e ig h t  f r a c t i o n  
a c c o rd in g  t o  th e  r e l a t i o n s h i p :
W n '‘ 16
C om bination  o f  e q u a t io n s  ( 9 ) ,  ( 1 3 ) ,  ( 1 4 ) ,  (15) and (16) in  a manner 
s i m i l a r  t o  t h a t  o f  H a l v e r s t a t  and Kumler f o r  o b ta in in g  t h e  m o lecu la r  
p o l a r i s a t i o n  a t  w^= 0  leads  t o  t h e  e q u a t i o n :
M  = Mr 17.
where t h e  p a ra m e te r  ^  i s  o b ta in e d  from th e  e x p r e s s io n
X _  .........................................................
0  -  IW 2
18.
T h is  method has t h e  advan tage  t h a t  l e s s  r e l i a n c e  i s  p la c e d  on th e  v a lu es  
o f  (n ^  -  n ) a t  low c o n c e n t r a t io n s  where p o s s i b l e  e x p e r im e n ta l  e r r o r s  
a r e  h ig h .






p  =  0 . 2 2 1 2 4 j ^  a t  25° 20
-18where ^  is  e x p re s s e d  in  Debye u n i t s ,  i . e .  10" ° e . s . u .
31
y' I t  i s  e v id e n t  t h a t  n e g l e c t i n g  atom ic p o l a r i s a t i o n  causes  a c o r r e s ­
ponding  e r r o r  i n  t h e  c a l c u l a t e d  d ip o le  moment, a p a r t  from any e r r o r  in 
th e  v a lu e  o f  th e  m o le c u la r  p o l a r i s a t i o n  or e l e c t r o n i c  p o l a r i s a t i o n .
F o r  m o lecu les  o f  low m o le c u la r  w e ig h t  (c a .  50-100) and p o s s e s s in g  d ip o le  
moments g r e a t e r  t h a n  1 .5 ,  th e  e r r o r  in t ro d u c e d  i s  s m a l l .  F o r  l a r g e r  
m o le c u le s ,  p a r t i c u l a r l y  th o se  w i th  la rg e  opposed d i p o l e s ,  however, th e  
e r r o r  i s  g r e a t e r ,  e s p e c i a l l y  when t h e  m o lecu la r  d ip o le  moment i s  r a t h e r  
low.
O b s e rv a t io n a l  E r r o r s
The acc u ra cy  w i th  w hich  Pg- can be d e te rm in ed  d e p en d s , n o t  o n ly  on 
th e  a c c u ra c y  o f  t h e  d i e l e c t r i c  c o n s ta n t  and s p e c i f i c  volume d e te r m in a t io n s ,  
b u t  a l s o  upon th e  c o n c e n t r a t i o n  o f  th e  s o l u t i o n s  s t u d i e d ,  f o r  as th e  
c o n c e n t r a t i o n  d im in is h e s  so  does th e  q u a n t i t y  ( p ,^  - p^) and e r r o r s  in  
P g , and hence ? £ ,  may become c o n s id e r a b le .  The e r r o r  in  pg due to  th e  
above v a r i a b l e s  can be d e te rm in e d  as fo l lo w s  : 
from  (6 )
P 2 =  P i  +  . P u_ 2 _ £ i
Wo
as p]  ^ i s  c o n s t a n t .




p £  IZ  ^ V
"  T 7 “ 2
p a r t ia l  d i f f e r e n t i a t i o n  with respect  to  £ ,^g ives ,
= .    22
2 )^
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p a r t i a l  d i f f e r e n t i a t i o n  w i th  r e s p e c t  t o  v g iv e s .
2
23
from  e q u a t io n  (2 1 ) ,  u s in g  e q u a t io n s  (22) and (23) ,
A p o  -
1
^ 2
3v, . AC 11 e . ,  -  1 • Av^ 24.
a t  Wg a 0 .005  
a t  Wg -  0 . 0 1
( £ . /  2 ) 2  £ „ +  2
I f  t h e  e r r o r  in  t h e  d i e l e c t r i c  c o n s ta n ts  i s  ± 0 .0 0 0 1 ,  and in  th e  
s p e c i f i c  volumes i s  t  0 .0 0 0 0 2 , t h e n  a t  th e  av erag e  v a lu e s  o f  C.jf 2 .4 ,  
and 1 . 0 , th e  c o r re sp o n d in g  e r r o r s  in  pg a re  as fo l lo w s  :
Pg = t  0 . 6 %
p% = ± 0.3%
The e r r o r  in  th e  v a lu e  o f  t h e  m o le c u la r  p o l a r i s a t i o n  a t  i n f i n i t e
d i l u t i o n  i s  more d i f f i c u l t  t o  a s c e r t a i n  b u t  by assum ing a l i n e a r
v a r i a t i o n  o f  Pg w i th  Wg, as i s  found t o  be p e r m is s ib le  in  most cases
when th e  c o n c e n t r a t io n s  s tu d ie d  cover  a r e a s o n a b le  r a n g e ,  th e  e r r o r  
*
sh o u ld  n o t  be g r e a t e r  th a n  ± 0 . 2 %, and in  some c a se s  i s  p ro b a b ly  l e s s  
th a n  t h i s .  Some o f  t h e  compounds which have been  s t u d i e d  h e r e ,  however, 
proved  t o  be on ly  s p a r i n g l y  s o lu b le  in  benzene  o r  d io x a n :  i n  t h e s e . c a s e s
th e  r e s u l t s  may u n a v o id ab ly  be o f  r a t h e r  lower a c c u ra c y .
The accu racy  w i th  w hich  j^Rj  ^ can be measured a l s o  depends , n o t  o n ly  
on th e  a c c u ra c y  o f  th e  r e f r a c t i v e  in d ic e s  and s p e c i f i c  vo lum es, b u t  a l s o  
on th e  c o n c e n t r a t i o n  o f  th e  s o l u t i o n .  By an analogous p ro ced u re  t o  
t h a t  used t o  d e te rm in e  th e  e r r o r  in  p g , t h e  e r r o r  in  jpp] can be 
c a l c u l a t e d  from  e q u a t io n  (1 4 ) ,
i . e
A r ,  =  W2 (n 2 +  2)2 n 2 +  2
25.
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I f  t h e  e r r o r  in  th e  r e f  rec t i  ve in d ic e s  i s  ±  0 .0001  and th e  e r r o r  in  th e  
s p e c i f i c  volume i s ,  as b e f o r e , -  0 . 0 0 0 0 2 , t h e n  a t  t h e  average  v a lu es  of 
n = 1 . 4 7  and v = 1 .0 ,  th e  c o r re s p o n d in g  e r r o r s  i n  r£  a re  as fo l lo w s  : 
a t  wg =  0 .005  A r = t i . l %
a t  W2  = 0 . 0 1  A r  =  ± 0 . 6 %
The e r r o r  i n  th e  mean va lue  o f  computed by e q u a t io n s  (17) and
(1 8 ) ,  where l e s s  r e l i a n c e  i s  p la c e d  on th e  v a lu e s  o f  (n^^ -  n^) f o r  r -
d i l u t e  s o l u t i o n s ,  i s  p ro b a b ly  no t g r e a t e r  th a n  ± 0 . 2 %. • < --
The e r r o r s  d e te rm in e d  above a re  due t o  th e  l i m i t a t i o n s  imposed by  th e  
m easuring  in s tru m e n ts  u sed ,  and do n o t ta k e  i n t o  accoun t s y s te m s t i c  e r r o r s ,  
and e r r o r s  due t o  th e  e v a p o r a t io n  o f  s o l v e n t  a n d /o r  s o l u t e ,  o r  t o  th e  
e n t r a n c e  of m o is tu re  d u r in g  th e  c o u rse  o f  a ' r u n * .  These p o s s ib le  e r r o r s ,  
however, have been  m inim ised by a d o p t in g  t h e  p ro ced u re  d e s c r ib e d  in  th e  
f o l lo w in g  s e c t i o n .
=. ;  '   ^ f ' -  I
- -  S'- fag '1: r
-- :L . '
:c. ' ■ ■■ : i-y 1 " . ; â _
z, . z \ : *' : .
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S e c tio n  IV
E x p e r im e n ta l  P rocedure
To re n d e r  th e  r e s u l t s  as s t r i c t l y  com parable as p o s s ib le  a s ta n d a rd  
te c h n iq u e  o f  measurement was a d o p te d ,  ’so  t h a t  any e r r o r s  in t ro d u c e d  were 
o f a s i m i l a r  o rd e r  o f  m agnitude f o r  e ach  s e t  o f  m easurem ents. The whole 
o f  t h e  measurements i n  one s e r i e s  were u s u a l l y  com pleted i n  a s in g le  day .
P r e p a r a t i o n  o f  th e  S o lu t io n s  ^
The s o l u t i o n s  w ere p re p a re d  i n  100 c .c . - g r o u n d  g la s s  s to p p e re d  
f l a s k s ,  w h ich  were g ra d u a te d  i n  1 0  c . c .  increm ents  so t h a t  an ap p ro x im a te ­
l y  known volume o f  s o l v e n t  co u ld  be r a p i d l y  in t r o d u c e d .  The f l a s k s  were 
c lean ed  b e f o r e  each  s e r i e s  o f  measurements w i th  an  a l c o h o l - n i t r i c  a c id  
m ix tu re  and washed th o r o u g h ly  w i th  d i s t i l l e d  w a te r .  They were d r ie d  
o v e rn ig h t  i n  an e l e c t r i c a l l y . . h e a t e d  oven c o n t r o l l e d  a t  1 2 0 ° and , a f t e r  
c o o l in g  in  a d e s i c c a t o r ,  d ry  n i t r o g e n  was p a sse d  i n t o  them from  a c y l in d e r  
i n  o r d e r  t o  d i s p l a c e  th e  a i r .  The o u t s id e s  o f  th e  f l a s k s  were c a r e f u l l y  
c le a n e d  w i th  s i l k  and th e  f l a s k s  p la c e d  in  th e  b a la n c e  case and weighed 
a c c u r a t e l y  t o  0 .1  mg. The s o l u t e  was in tro d u ce d  r a p i d l y  in to  th e  f l a s k e  
w hich  were a g a in  weighed a c c u r a t e l y  t o  0 .1  mg. The s o lv e n t  was added ’ 
d i r e c t l y  from  i t s  c o n ta i n e r  by b low ing  i t  o v e r  w i th  d ry  n i t r o g e n  from  a 
c y l i n d e r .  The volume o f  l i q u i d  t r a n s f e r r e d  was r e a d i l y  c o n t r o l l e d l y  
a  sc rew  c l i p  and a m ercury  e scape  v a lv e  i n  th e  n i t r o g e n  s u p p ly  t u b e .
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A sample o f  t h e  s o lv e n t  was t r a n s f e r r e d  t o  a n o th e r  100 c . c .  f l a s k ,  by th e  
same te c h n iq u e  a t  th e  same t im e ,  so t h a t  any p o s s i b l e  s l i g h t  c o n tam in a t io n  
o f  t h e  s o l u t i o n s  by w a te r  vapour d u r in g * th e  p e r io d  betw een p r e p a r a t i o n  and 
u s e , a l s o  o c c u r re d  w i th  t h e  so lv e n t*  The s o l u t i o n  f l a s k s  were th e n  
w eighed a c c u r a t e l y  t o  0 . 1  mg.
This  p ro ced u re  was adop ted  th ro u g h o u t  th e  w ork , th e  method o f  adding 
th e  s o l u t e  depend ing  on i t s  p h y s i c a l  s t a t e .  Thus l i q u i d  s o l u t e s  were 
in t r o d u c e d  i n t o  t h e  f l a s k s  by means o f  a d ro p p e r ,  and s o l i d  s o l u t e s ,  i n  
a f i n e l y  powdered c o n d i t i o n ,  were in t r o d u c e d  th ro u g h  a d ry  s h o r t -n e c k e d  
f u n n e l .  " ' "
D e te rm in a t io n  of th e  D i e l e c t r i c  C o n s ta n ts
Owing to  t h e  h ig h  d i e l e c t r i c  c o n s ta n t  o f  w a te r ,  t h e  d i e l e c t r i c  
c o n s ta n t s  o f  th e  s o lv e n t  and th e  s o l u t i o n s  were v e ry  s e n s i t i v e  t o  t r a c e s  
o f  m o is tu r e .  In  o rd e r  t o  m inim ise  t h e  e r r o r s  p o s s i b l y  in t r o d u c e d ,  th e  
d i e l e c t r i c  c o n s ta n t s  were m easured b e f o r e  t h e  d e te r m in a t io n  o f  th e  
r e f r a c t i v e  in d ic e s  and d e n s i t i e s .
The th e r m o s ta t  and h e te ro d y n e  b e a t  a p p a ra tu s  w ere sw i tch e d  on and 
a l lo w ed  t o  warm up f o r  an hour b e fo re  any measurements were t a k e n .  The 
d i e l e c t r i c  c e l l  was d r i e d  by  p a s s in g  n i t r o g e n  th ro u g h  i t  f o r  t h e  same 
t im e .  The ground g l a s s  caps were t h e n  f i t t e d  in  p o s i t i o n  and th e  
d i e l e c t r i c  c e l l  was lowered in to  th e  b ra s s  s t a n d - i n  th e  th e rm o s ta t  b a t h ,  
f i f t e e n  m inutes  b e in g  a llow ed  f o r  th e  c e l l  t o  r e a c h  t h e  te m p e ra tu re  o f  
th e  t h e r m o s t a t .  The tu n in g  condensers  were t h e n  a d ju s t e d  f o r  re so n an ce  
w i th  t h e  c e l l  in  th e  c i r c u i t ,  and th e  c a p a c i ty  o f  th e  p r e c i s i o n  condenser 
was ro u g h ly  matched t o  t h a t  of t h e  c e l l .  The p r e c i s i o n  condenser was
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a c c u r a t e l y  matched t o  th e  c a p a c i ty  o f th e  c e l l  by  v i s u a l  o b s e r v a t io n  of 
th e  b e a t  f r e q u e n c y ,  c a re  b e in g  t a k e n  always t o  match on th e  h ig h  c a p a c i ty  
s id e  of th e  zero  b e a t  p o s i t i o n .  The c e l l  was t h e n  l i f t e d  s l i g h t l y  from 
i t s  h o ld e r  and r e p l a c e d ,  th e  r e a d in g  a g a in  b e in g  t a k e n ;  t h i s  p ro ced u re  
was r e p e a t e d  a t  l e a s t  once more, and was n e c e s s a ry  in  o r d e r  t o  co n f irm  
t h a t  t h e  c e l l  and i t s  le a d  were c o r r e c t l y  in  p o s i t i o n .  In  g e n e r a l ,  th e  
r e a d in g s  were i d e n t i c a l  b u t  o c c a s i o n a l l y  t h e r e  was a s l i g h t  s h i f t , _ in  
w hich  case  th e y  were r e p e a te d  u n t i l  a  c o n s ta n t  va lu e  was o b ta in e d .
The c e l l  was removed from th e  th e r m o s t a t ,  d r i e d  on th e  o u t s i d e ,  and 
th e n  f i l l e d  w i th  pure  s o lv e n t  by means o f  a t r a n s f e r e n c e  a p p a ra tu s  
s i m i l a r  t o  t h a t  used  p r e v io u s ly ;  th e  d e l i v e r y  tu b e  had been  made t o  f i t
in s id e  t h e  s i d e  arm of t h e  c e l l  in  o rd e r  t o  p re v e n t  t h e  e n t r a n c e  o f  a i r
and m o is tu re  i n t o  th e  c e l l .  I t  was th e n  r e p la c e d  i n  th e  th e rm o s ta t  
and th e  r e a d in g s  n o te d  as b e fo i 'e .  The s o l v e n t  was poured ou t o f  th e  
c e l l ,  and th e  c e l l  was r i n s e d  o u t  t h r e e  t im es  w i t h  t h e  f i r s t  o f th e
-  .V
s o l u t i o n s  b e f o r e  b e in g  f i l l e d  w i th  i t .  The c e l l  was t h e n  p la ce d  in  
th e  th e r m o s ta t  and th e  re a d in g s  t a k e n .  This p ro ced u re  was re p e a te d  
w i th  th e  rem a in in g  s o l u t i o n s  and f i n a l l y  t h e  n i t r o g e n  and pure  s o lv e n t  
re a d in g s  were r e p e a te d .  I f  t h e r e  had been any s l i g h t  s h i f t  in  t h e  
c a p a c i t y  o f  th e  c e l l  o r  o f  t h e  s t r a y  c a p a c i t i e s  a s s o c i a t e d  w i th  i t ,  
t h e s e  n i t r o g e n  and s o lv e n t  r e p e a t  re a d in g s  were d i f f e r e n t  from th e  
v a lu es  r e c o rd e d  i n i t i a l l y ,  and t h e  mean v a lu e s  were used  in  computing 
th e  d i e l e c t r i c  c o n s ta n ts  o f  th e  s o l u t i o n s .
D e te rm in a t io n  o f  t h e  D e n s i t i e s
The pyknometer was d r i e d  by p a s s in g  n i t r o g e n ,  from a  c y l i n d e r ,
th ro u g h  i t  f o r  an h o u r .  The o u t s id e  o f  t h e  pyknometer was c leaned
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w i t h  s i l k  and i t  was weighed a c c u r a t e l y  to  0 .1  mg. I t  was th e n  f i l l e d  
w i t h  th e  s o l v e n t  by t h e  a p p l i c a t i o n  o f  s u c t i o n  from a w a te r  pump, and 
p la c e d  i n  th e  th e r m o s ta t  f o r  tw en ty  m in u te s .  W h ils t  s t i l l  i n  th e  
t h e r m o s t a t ,  t h e  pyknom eter was a d j u s t e d  t o  t h e  c o n s ta n t  volume mark by 
a p p ly in g  a f i l t e r  p ap e r  t o  one arm and removing th e  excess  l i q u i d  by 
c a p i l l a r y  a t t r a c t i o n .  The pyknometer was c a r e f u l l y  c lean ed  and d r i e d ,  
th e  s t a i n l e s s  s t e e l  s t i r r u p  and g l a s s  caps were a t t a c h e d  and th e  whole 
was p la c e d  i n  th e  b a la n c e  case  f o r  w e ig h in g .  A f te r  w e igh ing  i t  was 
e m p tie d ,  r i n s e d  th r e e  t im e s  w i th  th e  f i r s t  o f  th e  s o l u t i o n s ,  f i l l e d  w i th  
t h i s  s o l u t i o n  end t h e n  t h e  above p ro ce d u re  r e p e a te d .  The o th e r  s o l u t i o n s  
were t r e a t e d  s i m i l a r l y .
-
D e te rm in a t io n  o f  R e f r a c t iv e  In d ic e s
W ate r from  th e  th e r m o s ta t  b a th  was c i r c u l a t e d  r a p i d l y  th ro u g h  th e  
b lo c k  o f  t h e  H i lg e r  Abbe^ r e f r a c t o m e t e r  by a c e n t r i f u g a l  pump and th e  
b lo c k  was l e f t  f o r  t e n  m inutes  t o  a t t a i n  c o n s ta n t  t e m p e r a tu r e .  The pure 
s o l v e n t  was pour©d i n t o  th e  c e l l  o f  t h e  in s tru m e n t  and a llow ed  t o  warm 
up t o  25 ° .  The r e f r a c t o m e t e r  was t h e n  a d ju s t e d  and th e  r e a d in g  n o te d ,  
a t  l e a s t  two r e p e a t  r e a d in g s  b e in g  made t o  a s c e r t a i n  t h a t  t h e  l i q u id  was 
a t  e q u i l i b r i u m .  The c e l l  was t h e n  c le a n e d  w i th  len s  t i s s u e  and pure  
a ce to n e  and wiped d ry .  The above o p e r a t io n s  w ere  r e p e a te d  f o r  each  o f  
th e  s o l u t i o n s  i n  t u r n .
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CHAPTER I I V ' . .  K .. ' ^
EXPERIMENTAL RESULTS >
S e c t io n  I
i
P r e p a r a t io n  and P u r i f i c a t i o n  o f  Mate r i a l s  
Some o f  the^ m a te r i a l s  used were p u rchased  and p u r i f i e d  b e fo re  u s e ,  
w hereas  o th e r s  were p re p a re d  s p e c i a l l y  f o r  th e s e  m easurem ents. C o n s id e r ­
a b le  a t t e n t i o n  was p a id  t o  t h e  e x c lu s io n  o f  m o is tu re  from  b o th  th e  s o lu t e s  
and th e  s o l v e n t s .  A ll  s o l i d s  were s t o r e d  under n i t r o g e n  i n  t i g h t l y  
s to p p e r e d  b o t t l e s  and f i n a l l y  l e f t  i n  an e v a c u a ted  d e s i c c a t o r  f o r  tw en ty -  
f o u r  hours im m ed ia te ly  b e fo re  u s e .  L iq u id  s o l u t e s  were vacuum d i s t i l l e d  
w i t h i n  two days o f making measurements on them and th e n  s t o r e d  under 
n i t r o g e n  in  a s e a le d  t u b e . S o lv en ts  w ere d i s t i l l e d  th e  day b e fo re  use 
and s t o r e d  u n d e r  n i t r o g e n  i n  a d e s i c c a t o r  u n t i l  r e q u i r e d .
The p h y s i c a l  c o n s ta n t s  o f  th e  m a t e r i a l s ,  t o g e t h e r  w i th  th e  v a lues  
o b ta in e d  by o t h e r  i n v e s t i g a t o r s ,  a r e  re c o rd ed  a t  th e  end o f  each  method 
o f  p u r i f i c a t i o n .  U nless  o th e rw ise  s t a t e d ,  b o i l i n g  p o in t s  have been  
c o r r e c t e d  t o  one a tm osphere  p r e s s u r e .
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Benzene
”Crys t a l l  i s  a b l e ” g rade  benzene was p u r i f i e d  by  th e  method used by
Few and Smith ( l ) .  I t  was shaken  w i t h  c o n c e n t r a te d  s u l p h u r i c  a c id  and
washed tw ic e  w i th  w a t e r ,  tw ice  w i t h  5 %  aqueous p o ta ss iu m  hydrox ide  and
f i n a l l y  f o u r  t im es  w i th  w a te r .  The benzene was t h e n  ro u g h ly  d r i e d  o v e r
ca lc iu m  c h l o r id e  and f r a c t i o n a l l y  c r y s t a l l i s e d  u n t i l  i t  formed a g la s s y
c r y s t a l l i n e  mess on f r e e z i n g ,  b e fo re  d ry in g  over phosphorous p en to x id e
f o r  a f o r t n i g h t .  The benzene was d i s t i l l e d  from t h i s  r e a g e n t ,  c o l l e c t i n g
th e  m iddle  f r a c t i o n  which was o f  c o n s t a n t  b o i l i n g  p o in t  t o  w i t h i n  0 . 0 2 °
i n  e a c h  c a s e .  ;
B o i l in g  p o in t  79 .85° 
x s
d^ = 0 .87368  ± 0 .00003 
np = 1.4979 ± 0 .0001
Few and Sm ith  ( l )  g iv e :
B o i l in g  p o in t  79 .7°
=  0 .87368  :  0.00003" 
ng =  1 .4981 ± 0 .0001
Ï  -
L i t t l e j o h n  and Smith (2) g iv e  :
B o i l in g  p o in t  79 .8 °  
d \  =  0 .8 7 3 6 8 + 0 .0 0 0 0 3
np =  1 .4 9 8 0  Î  0 .0 0 0 1
N a t .  Bureau o f  S tan d a rd s  S p e c i f i c a t i o n  d z= 0 .87368
PS
J e n k in s  and S u t to n  (3) g iv e  d =  0.8736
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1 :4-Dlox&n ^
Commercial d io x an  was b o i l e d  w i th  sodium under r e f l u x  f o r  f iv e  or 
s i x  h o u rs ,  u n t i l  t h e  sodium  rem ained b r i g h t  and th e n  th e  d io x a n  was 
d i s t i l l e d .  This  p ro c e s s  was r e p e a te d  w i th  th e  d i s t i l l a t e .  The m iddle 
f r a c t i o n  w hich  was o f  c o n s ta n t  b o i l i n g  p o in t  t o  w i t h i n  0 . 0 2 °  in  each  case  
was c o l l e c t e d .
B o i l in g  p o in t  101 .0°
=  1 .4199 t  0 .0002
Few and Sm ith  ( l )  g iv e :
B o i l in g  p o i n t  100 .9°
=  1 .02795* 0 . 00006- ...
ng =  1 .4200  *  0 .0001
2  ; 4-D i n i t r o a n i l i n e
2 ;4 - D i n i t r o a n i l i n e  was p re p a re d  by th e  method o f  W ells  and A llen  (4 ) .  
60G. o f  2 : 4 - d in i t r o c h lo r o b e n z e n e  and 2 1 . 6 g .  o f  ammonium a c e t a t e  were h e a te d  
under r e f l u x ,  in  a b o l t - h e a d  f l a s k ,  h a l f  immersed in  an o i l  b a th  w hich  was
m a in ta in ed  a t  170° f o r  s e v e n  h o u r s . D uring  t h i s  h e a t in g  ammonia was
-  .
bubbled  th ro u g h  th e  r e a c t i o n  m ix tu re  a t  th e  r a t e  o f  t h r e e  t o  fo u r  bubb les
'
p e r  s eco n d . The p ro d u c t  was b o i l e d  w i t h  100 ml. o f  w a te r  and f i l t e r e d .
The 2 ;4 - d i n i t r o a n i l i n e  was e x t r a c t e d  from  t h e  r e s id u e  w i th  b o i l i n g
■i-
a l c o h o l .  W ater was added t o  t h e  e x t r a c t  u n t i l  t h e  s o l u t i o n  became 
s l i g h t l y  t u r b i d .  The s o l u t i o n  was th e n  h ea te d  u n t i l  t h i s  t u r b i d i t y  
d is a p p e a re d  and a llow ed  t o  coo l o v e r n ig h t ,  a f t e r  w h ich  i t  was f i l t e r e d  
and th e  r e s id u e  d r i e d .  The 2 : 4 - d i n i t r o a n i l i n e  was r e c r y s t a l l i s e d  from
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aqueous a l c o h o l  u n t i l  a c o n s ta n t  m e l t in g  p o in t  was a t t a i n e d .
Y ie ld  =  27 g . =  50^
m .p. 178°
W ells  and A l le n  (4) g iv e  m .p. 180°
W i l lg e r o d t  ( 6 ) g iv e s  m.p. 182° -  183°
Blanskma (6 ) g iv e s  m .p. 186°
2 ; 4 ; 6 - T r i n i t r o a n i l i n e
.s.
P i e r y l  c h lo r id e  was p re p a red  by Brady and H o r to n ’s (7) method.
50 G. o f d ry  p i c r i c  a c id  were h e a te d  w i th  100 g .  o f  phosphorus p e n ta -  
o h lo r i d e ,  under r e f l u x ,  on a w e te r - b a t h  u n t i l  th e  v i o l e n t  a c t i o n  s u b s id e d .  
The p ro d u c t  was poured i n t o  w a te r  and r a p i d l y  c o l l e c t e d .  The crude
p i o r y l  c h l o r id e  was a i r - d r i e d ,  washed w i th  e t h e r  and r e c r y s t a l l i s e d  from
benzene and a lc o h o l  ( 1 : 3 ) .
Y ie ld  =  20 g . ' =  40^ 
m.p. 8 2 ° -8 2 .5 °  *
P ic ram ide  was p re p a re d  from th e  p i c r y 1 c h lo r id e  by th e  method o f  
Le F e v r e ,  Moir and T urner ( 8 ) .
Ammonia was p a ssed  th ro u g h  a s o l u t i o n  o f  20 g . o f  p i o r y l  c h lo r id e  in  
100 ml. o f  b o i l i n g  n i t ro b e n z e n e  f o r  fo u r  h o u r s . The m ix tu re  was coo led  
and t h e  r e s u l t i n g  s o l i d  r e c r y s t a l l i s e d  t o  c o n s ta n t  m e l t in g  p o in t  from 
g l a c i a l  a c e t i c  a c i d .  -< The p ro d u c t  c o n ta in e d  some ammonium c h l o r i d e .
This  was removed by S o x h le t  e x t r a c t i o n ,  u s in g  d ioxan  as s o l v e n t .
Y ie ld  '=  7 .5  g .  =  42% 
m.p. =189°
Le F e v r e ,  Moir and T u rn er  ( 8 ) g iv e  m.p. 187° -  188*^
M sisenheim er and P a t z ig  (9) g iv e  m .p. 188°
J a e g e r  (lO) g iv e s  m.p. 190°
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m- N i t r o a n i l i n e
Sodium p o ly s u lp h id e  s o l u t i o n  was p re p a red  by b o i l i n g  40 g .  o f  sodium 
s u lp h id e  i n  150 m l. o f  w a te r  w i th  10 g . o f  s u lp h u r  u n t i l  t h e  s o l u t i o n  
became c l e a r .  25 G. o f  m -d in i t ro b e n z e n e  were h e a te d  i n  200 ml. o f  w a te r  
u n t i l  t h e  w a te r  b o i l e d  g e n t l y .  The sodium p o ly s u lp h id e  s o l u t i o n  was 
added d ro p w ise ,  w h ile  t h e  m ix tu re  was s t i r r e d  m e c h a n ic a l ly .  The m ix tu re  
was b o i l e d  f o r  tw e n ty  m inutes  a f t e r  th e  f i n a l  a d d i t i o n ,  th e n  coo led  and 
f i l t e r e d .  The p ro d u c t  was washed w i th  c o ld  w a te r  and r e c r y s t a l l i s e d  
from  w a te r  t o  c o n s ta n t  m e l t in g  p o i n t .
m.p. 112 .4°
S idgw ick  and Ruble  (11) g iv e  m.p. 114 .6°
B e r l i n e r  and May (12) g iv e  m.p. 112 .5°
3 : 5-D i n i t r o a n  i l i n e
A l l  a t te m p ts  t o  p re p a re  3 :5  d i n i t r o a n i l i n e  a c c o rd in g  t o  th e  method 
o f  N iCOlet (13) y ie ld e d  5 - n i t r o - l : 3 - d i a m i n o b e n z e n e , m.p. 143°*
3 : 5 - d i n i t r o a n i l i n e  was o b ta in e d  u s in g  a m o d i f i c a t io n  o f  t h i s  method.
A s o l u t i o n  o f ammonium p o ly s u lp h id e  was p re p a re d  by p a s s in g  hydrogen 
s u lp h id e  i n to  a s o l u t i o n  o f  150 m l. o f  95% a lc o h o l  and 75 ml. o f  0 .880
ammonia u n t i l  th e  w e ig h t  in c re a s e d  by 6 .3  g . This  s o l u t i o n  was added
• .  .
dropw ise  t o  a s o l u t i o n  of 15 g .  o f  2 : 4 : 6 - t r i n i t r o b e n z e n e  i n  450 ml. o f  
b o i l i n g  a l c o h o l  and t h e  h e a t in g  contini^ed f o r  one hour a f t e r  th e  a d d i t i o n
was co m p le te .  The m ix tu re  was f i l t e r e d  t o  remove s u lp h u r  end th e  a l c o h o l
d i s t i l l e d  o f f .  The r e s id u e  was e x t r a c t e d  th o ro u g h ly  w i th  h o t  w a te r  and 
th e  e x t r a c t  c o n c e n t ra te d  u n t i l  c r y s t a l l i s a t i o n  began and th e n  coo led  i n  
i c e - w a t e r .  The 3 ; 5 - d i n i t r o e n i l i n e  was r e o r y s t a l l i s e d  from  w a te r  u n t i l
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c o n s ta n t  m e l t in g  p o in t  was a t t a i n e d .
Y ie ld  =: 6 .5  g . =  50% 
m .p. 161°
N io o le t  (13) g iv e s  m.p. 155°- 156°
C u r t in s  and R ie d e l  (14) g iv e  m .p. 161° 
van Duin (15) g iv e s  m .p. 162°
p - N i t r o a n i l i n e
Commercial " p u re ” p - n i t r o a n i l i n e  was r e c r y s t a l l i s e d  from w a te r  t o  
c o n s t a n t  m e l t in g  p o i n t .
m.p. 148 .9°
B e r l i n e r  and May (12) g iv e  m.p. 147.8°
2 :4 -D ib ro m o an il in e
2 ;4 -D ib ro m o an il in e  was p re p a re d  a c c o rd in g  t o  th e  method o f  Chattaw ay 
and Clerao (1 6 ) .
53 .5  6 . o f  p -b ro m o a o e ta n i l id e  and 2 0 .5  g .  o f  fu sed  and f i n e l y  
powdered sodium a c e t a t e  were suspended in  s u f f i c i e n t  g l a c i a l  a c e t i c  a c id  
t o  make a t h i c k  p a s t e .  40 G. o f  b ro m in e ,  d i s s o lv e d  i n  n in e  t im es  i t s
volume o f  g l a c i a l  a c e t i c  a c i d ,  were added s lo w ly  and th e  m ix tu re  h ea ted
f o r  s i x  hours  on a w a te r  b a t h ,  w h i l s t  e x c lu d in g  th e  p re sen c e  o f  w a te r  
from th e  r e a c t i o n  m ix tu r e .  On d i l u t i n g  th e  coo led  p ro d u c t  w i th  w a te r ,  
a c e to - 2 ;4 - d ib r o m o a n i l id e  s e p a r a t e d .  This was im m ed ia te ly  f i l t e r e d  and 
c r y s t a l l i s e d  from a l c o h o l .
Y ie ld  -  '  28 g . =  38%
m.p. a c e to - 2 :4 - d ib r o m o a n i l id e  144°
C hattaw ay and Clemo (16) g ive  m.p. 146°
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The a n i l i d e  was d i s s o lv e d  i n  b o i l i n g  a lc o h o l  mixed w i th  abou t one e ig h th  
o f  i t s  b u lk  o f  c o n c e n t r a te d  h y d ro c h lo r ic  a c id  and b o i l e d  u n d e r  r e f l u x  
f o r  n in e  h o u r s . .  The a l c o h o l  was d i s t i l l e d  o f f  i n  a c u r r e n t  o f s team .
A s l i g h t  ex ce ss  o f sodium hydrox ide  was added t o  t h e  coo led  r e s id u e  and 
t h e  amine was f i l t e r e d  o f f  and r e d i s t i l l e d  i n  s team  t o  remove any 
c o l o u r a t i o n .  The 2 :4 -d ib ro m o a n i l in e  was r e o r y s t a l l i s e d  from  aqueous 
a l c o h o l  t o  c o n s ta n t  m e l t in g  p o in t .^
Y ie ld  =  19 g . =  95% 
m .p. 7 9 .5 °
C hattaw ay  and Clemo (16) g iv e  m.p. 78° -  79°
C r i e s 8  " (17) g iv e s  m.p. 7 9 .5 °
m-Bromo an i l i n e  '
m -Brom onitrobenzene was p re p a re d  a c c o rd in g  t o  th e  method o f  Johnson 
and Gftuerke ( 1 8 ) .
A 2 1. f l a s k  was f i t t e d  w i th  a s e p a r a t i n g  f u n n e l ,  a' p o ly th e n e -s e a le d  
e l e c t r i c a l  s t i r r e r  and a r e f l u x  c o n d en se r ,  t h e  upper  end of w hich  c a r r i e d
- - y -I " T
an o u t l e t  tu b e  d ip p in g  under s o d a - l im e . 135 G. o f  f r e s h l y  d i s t i l l e d  d ry
n i t r o b e n z e n e  were in t r o d u c e d  in to  th e  f l a s k  and th e  l a t t e r  h e a te d  on an■■ 87 '
o i l - b a t h  a t  135° t o  140°. 13 G. o f  reduced  i ro n  powder and 281 g . o f
brom ine , t h a t  had been  d r i e d  by sh ak in g  w i th  an  e q u a l  volume of 
c o n c e n t r a te d  s u lp h u r i c  a c i d ,  were added in  t h e  fo l lo w in g  way:
4 g . o f  t h e  reduced  i r o n  were added t o  th e  s t i r r e d  n i t ro b e n z e n e  ejnd th e n  
30 ml. o f  th e  bromine were added dropw ise  a t  su ch  a r a t e  t h a t  th e  bromine 
vapour d id  n o t  t r a v e r s e  t h e  co n d en se r .  ' The m ix tu re  was h e a te d  f o r  an 
hour b e f o r e  a s i m i l a r  p o r t i o n  o f  i ro n  and bromine was added and th e n  f o r
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a n o th e r  hour b e fo re  end a f t e r  th e  f i n a l  a d d i t i o n .  The p ro d u c t  was poured 
in t o  750 ml. o f  w a te r  c o n ta in in g  25 ml. o f s a t u r a t e d  sodium b i s u l p h i t e  
s o l u t i o n .  The p ro d u c t  was s team  d i s t i l l e d  and th e  d i s t i l l a t e  f i l t e r e d  
and s te a m  d i s t i l l e d  a g a in  t o  remove a p u rp le  c o l o u r a t i o n .
Y ie ld  =  70 g . -  35%
m .p. 51° -  52°
The m -brom onitrobenzene was reduced  t o  m -brom oaniline  fo l lo w in g  th e  
method o f  M ath ieson  and Newbery (1 9 ) .
50 G. o f  m -brom onitrobenzene i n  150 ml. o f  a l c o h o l  were b o i l e d  w i th  
24 ml. o f  a 12-^% s o l u t i o n  o f  c a lc iu m  c h l o r i d e .  A f t e r  rem oval from th e
s te a m -b a th ,  2 0  g . o f  red u ced  i r o n  were added a t  su ch  a r a t e  t h a t  th e
h e a t  o f  r e a c t i o n  kep t t h e  s o l u t i o n  b o i l i n g  g e n t l y .  A f te r  th e  f i n a l  
a d d i t i o n ,  th e  m ix tu re  was h e a te d  on a w a te r - b a t h  f o r  t h i r t y  m inutes 
b e fo re  d i s t i l l i n g  o f f  th e  a l c o h o l .  The r e s id u e  was made s t r o n g l y  
a l k a l i n e  w i th  sodium hydrox ide  s o l u t i o n  end steam  d i s t i l l e d .  The 
m -brom oaniline  was e x t r a c t e d  w i th  e t h e r  and d r i e d  ov e r  p o ta ss iu m  
c a r b o n a te .  The e t h e r  was d i s t i l l e d  o f f  and th e  m -brom oan iline  p u r i f i e d  
by s u c c e s s iv e  vacuum d i s t i l l a t i o n s  a t  15 mm.
' Y ie ld  -  24 g . =  57% 
b . p .  1 2 0 ° / l5  mm.
3 ; 5 -D ib ro m o an il in e
3 : 5 -D ib ro m o an il in e  was p re p a re d  from  £ - n i t r o a n i l i n e  th ro u g h  th e  
i n t e r m e d i a t e s ,  2 ;6 - d ib r o m o - 4 - n i t r o a n i l i n e  and 3 :5 -d ib ro m o -1 -n i t ro b e n z e n e  
which were o b ta in e d  by th e  method o f  Meyer, Meyer and J a e g e r  (2 0 ) .
2 ;6 - D ib r o m o - 4 - n i t r o a n i l in e
31 Ml. o f  brom ine were added dropw ise t o  40 g . o f  p - n i t r o a n i l i n e
46
in  m ethyl a l c o h o l  s o l u t i o n .  The s l i g h t l y  s o l u b l e ,  y e l lo w ,  dibromo- 
n i t r o a n i l i n e  was f i l t e r e d ,  washed w i th  w a te r  and d r i e d .
Y ie ld  =  61 g . =  79%
m.p. 2 0 2 °
5 :5-Dib ro m p -1 -n itro b en zen e
61 G. o f  2 ; 6 - d i b r o m o - 4 - n i t r o a n i l i n e  were suspended i n  305 ml. o f  
a l c o h o l .  61 G. o f  c o n c e n t r a te d  s u lp h u r ic  a c id  and abou t 14.5 g . o f  
f i n e l y  powdered sodium n i t r i t e  were added t o  th e  l i q u i d  in  sm a l l  amounts. 
The l i q u i d  was b o i l e d ,  w i t h  f r e q u e n t  s h a k in g ,  u n t i l  t h e r e  was no lo n g e r  
a sm e l l  o f  a c e ta ld e h y d e . On c o o l in g ,  th e  m ix tu re  s o l i d i f i e d  and was 
f i l t e r e d ,  washed w i th  w a te r  and s team  d i s t i l l e d .  The d i s t i l l a t e  was 
f i l t e r e d  b u t  th e  s o l i d  p ro d u c t  appea red  t o  be a m ix tu re .  I t  was b o i le d  
w i th  ex cess  s u lp h u r i c  a c id  and sodium n i t r i t e  in  a lc o h o l  u n t i l  t h e r e  was 
no f u r t h e r  r e a c t i o n ,  th e n  c o o le d ,  f i l t e r e d  and steam  d i s t i l l e d .
Y ie ld  =  32 g .  -  56%
m.p. 104°
3 :5 -D ib ro m o an il in e
3 : 5 -D ib ro m o an il in e  was p re p a re d  by th e  r e d u c t io n  o f  3 :5 -d ib ro m o - l-  
n i t r o b e n z e n e  w i t h  i ro n  f i l i n g s  and c o n c e n t r a te d  h y d r o c h lo r ic  a c id  in  
m ethano l.
20 G. o f  i r o n  f i l i n g s  were added , in  f o u r  p o r t i o n s  a t  f i v e  minute 
i n t e r v a l s ,  t o  32 g . o f  3 :5 -d ib ro m o -1 -n i t ro b e n z e n e  in  55 ml. o f  b o i l i n g  
m ethy l a l c o h o l  and 1 .1  ml. o f c o n c e n t r a te d  h y d ro c h lo r ic  a c i d .  The
m ix tu re  was b o i l e d  and s t i r r e d  v ig o r o u s ly  f o r  two h o u r s ,  t h e n  made
a l k a l i n e  w i th  sodium hydrox ide  and s team  d i s t i l l e d .  The s o l i d  p ro d u c t  
t h a t  was f i l t e r e d  o f f  was a p p a r e n t ly  a m ix tu re .  The r e d u c t io n  was
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r e p e a t e d ,  w i t h  t h i s  s o l i d  p r o d u c t ,  under  t h e  same c o n d i t io n s  a s  b e f o r e .  
The m ix tu re  was made a l k a l i n e  and s team  d i s t i l l e d .  The s o l i d  p ro d u c t  
was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from  p e tro le u m  e t h e r ,  b o i l i n g  p o in t  
40 °-  6 0 ° ,  u n t i l  c o n s t a n t  m e l t in g  p o i n t  was a t t a i n e d .  Pure 3 :5 -d ib ro m o - 
a n i l i n e  was o b ta in e d  a f t e r  th e  second  r e d u c t i o n .
Y ie ld  = 17 g . =  59.5%
m.p. 5 5 .1 °
V o r la n d e r  and S i e b e r t  (21) g iv e  m .p . 57°
S en ear  e t  e l .  (22) g ive  m .p. 4 7 .5 °  -  5 0 .5 °
p-B ro m o an il in e  r
2 -B ro m o an il in e  was p re p a re d  by  th e  b ro m in a t io n  o f a c e t a n i l i d e  
fo l lo w e d  by a c id  h y d r o l y s i s .
p -B ro m o a c e ta n l l id e
A s o l u t i o n  c o n ta i n in g  1 8 .8  m l. o f -b ro m in e  in  37 m l.  o f  g l a c i a l  
a c e t i c  a c id  was added d ropw ise  t o  50 g .  o f  a c e t a n i l i d e  d i s s o lv e d  in  
a p p ro x im a te ly  250 m l. o f  a c e t i c  a c id .  The m ix tu re  was a llow ed  t o  s ta n d  
f o r  t h i r t y  m inu tes  and t h e n  poured  i n t o  2 1. o f  w a t e r .  The p r e c i p i t a t e  
was f i l t e r e d ,  washed w i t h  w a te r  and r e o r y s t a l l i s e d  from  aqueous a l c o h o l .
* ; Y ie ld  =  72 g .  =  91%
m .p. 167°
•..y .
p -B romoani l i n e
36 G. o f  p - b r o m o a o e ta n i l id e  w ere d i s s o lv e d  in  70 m l. o f  b o i l i n g  
w a t e r .  44 ml. o f  c o n c e n t r a t e d  h y d r o c h lo r i c  a c id  were added s lo w ly  to  
t h e  s o l u t i o n  w h ich  was b o i l e d  under r e f l u x  f o r  f o r t y  m in u te s .  The 
s o l u t i o n  was d i l u t e d  w i t h  300 m l. o f  w a te r  and d i s t i l l e d  u n t i l  ab o u t
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200 ml. o f  d i s t i l l a t e  were c o l l e c t e d .  The r e s id u e  was poured  in to  
i c e - w a t e r  and made j u s t  a l k a l i n e  w i th  5% aqueous sodium  h y d ro x id e .  The 
p r e c i p i t a t e  was f i l t e r e d ,  washed w i t h  co ld  w a te r  and re  c r y s t a l l i s e d ,  from 
ey e lo h e x a n e ,  u n t i l  c o n s ta n t  m e l t in g  p o in t  was a t t a i n e d .
Y ie ld  -  22 g: =  76% 
m.p. 6 3 .6 °
Remraers (23) g ives  m .p . 6 3 .5 °
Rubner  (24) g iv e s  m .p . 63° -  64°
2  ;4 -D in i t ro m e t  b y l a n i l i n e
2 : 4 - D in i t r o m e th y la n i l i n e  was p re p a re d  a c c o rd in g  t o  t h e  method of 
G la z e r ,  Hughes, In g o ld ,  Jajnes, Jones and R o b er ts  (2 5 ) .
9 .4  G. o f  33% m ethylamine in  a l c o h o l i c  s o l u t i o n  w ere added to  a 
s o l u t i o n  o f  20 .25  g .  o f 2 : 4 - d i n i t r o - l - c h l o r o b e n z e n e  i n  a l c o h o l .  The 
p ro d u c t  was f i l t e r e d  and r e o r y s t a l l i s e d ,  t o  c o n s ta n t  m e l t in g  p o i n t ,  from  
aqueous a c e to n e .
Y ie ld  =» 18 .3  g .  =  93% 
m .p. 178 .7°
G la z e r ,  Hughes, In g o ld ,  Jam es, Jones  and R o b er ts  (25) g iv e  m.p. 177°
Leymann (26) g iv e s  m .p. 178°
r
p - N i t r o m e t h y l a n i l i n e  ^
«
£ -N i t ro m e th y  l a n i  l i n e  (B.D.H.") was r e o r y s t a l l i s e d  from  aqueous 
a l c o h o l  u n t i l  a c o n s ta n t  m e l t in g  p o i n t  was a t t a i n e d .
m.p. 152 .2°
Blanskms (27) g iv e s  m .p. 151°
Me I d o le  and Salmon (28) g iv e  m .p . '1 5 2 °
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S e c t io n  I I
- I r -
T a b le s  o f  E x p e r im e n ta l R e s u l ts  
A l l  p o l a r i s a t i o n  and r e f r a c t i o n  v a lu e s  a re  e x p re s s e d  in  c .o
1. 2 : 4-D i n i t  ro a n  i l i n e  in  Benzene
2 . 2 :4 - D in i t r o a n i l in e  i n  D ioxan
3 . 2 : 4 : 6 - T r i n i t r o a n i l i n e  in  Benzene
4 . 2 : 4 ; 6 - T r i n i t r o a n i l i n e  i n  D ioxan
5. m -M t ro a n i  l i n e  in  Benzene
6 . m -N it ro a n  i l i n e  in  D ioxan
7. 3 : 5 - D in i t r o a n i l in e  in  Benzene
8. 3 :5 - D in i t r o a n i l i n e  in  D ioxan
9 . p - N i t r o a n i l in e  in  Benzene
10. £ - N i t r o a n i l i n e  in  D ioxan
11. 2 :4 -D ib ro m o an ilin e  in  Benzene
12. 2 ;4 -D ib ro m o an ilin e  in  D ioxan
13. m -B rom oaniline  in  Benzene
14. ra-Bromoani l i n e  in  D ioxan
16. 3 ;5 -D ib ro m o a n ilin e  i n  Benzene
16. 3 : 5 -D ib ro m o an ilin e  in  D ioxan
17. £-B rom oani l i n e  in  Benzene
18. £-B rom oani l in e  in  D ioxan
19. 2 :4 - D in i t r o m e tb y la n i l in e  in  Benzene
20. • 2 :4 - D in i t r o m e th y la n i l in e  in  D ioxan
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21. £ -M tro m e th y  l a n i  l i n e  in  Benzene
2 2 . £ -N it r o m e th y la n i l in e  in  D ioxan
2 3 . 2 -L fe th y 1 -4 -n i t r o a n i l in e  in  Benzene
I
24 . 2 - M e th y l - 4 - n i t r o a n i l in e  in  D ioxan
25 . 2 :4 :6 - T r in i t r o - l - c h lo r o b e n z e n e  in  D ioxan
26 . m -N it ro a n i l in e  in  B enzene ( c a lc u la te d  from  6 ,^= 2 .2741)
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3 . 2 : 4 :6-TRmiTROANILINE IN BENZENE
lOOWg
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55
5. m-HITEOANILME IN BENZENE
lOOWg
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7. 3 : 5-D INITROANILim IN BENZENE
lOOwg
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9. p-NITROMILINE IN BENZENE
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p = 3 .052
6 6
16. 3:5-DIBR0M0MILINE IN DIOXAN
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2 3 . 2-MBTHYL-4-NITR0ANILIKE IN BENZENE
100*2
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2 4 . 2 -METHYL-4-NITROmiLDE IN DIOXAN
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26. m-NITEOJOTILINE IK BEKZEKE
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CHAPTER I I I
DISCUSSION OF RESULTS
S e c t io n  I
S u rv ey  o f  P re v io u s  R e s u l t s  
The d ip o le  moment and m o le c u la r  p o l a r i s a t i o n  o f  a n i l i n e  have been  
s tu d ie d  by many w o rk e rs  a t  v a r io u s  te m p e ra tu re s  and in  a num ber o f  
d i f f e r e n t  s o l v e n t s .  R e l a t i v e l y  few  m easurem ents have b een  made on 
s u b s t i t u t e d  a n i l i n e s  a l th o u g h  Few and S m ith  (1 , 2 ,  3 ) s tu d ie d  a  number 
o f  th e s e  compounds in. b o th  b enzene  and d io x a n  s o l u t i o n s .
In  th e  p r e s e n t  i n v e s t i g a t i o n  th e  d ip o le  moments o f  m- and £ -b ro m o - 
and n i t r o - ,  2 :4 -  and 3 :5 -d ib ro m o - and d i n i t r o -  and 2 : 4 : 6 - t r i n i t r o a n i l i n e s  
have been  m easu red . A summary o f  th e  p re v io u s  r e s u l t s  t o g e t h e r  w i th  
th o s e  o b ta in e d  h e re  i s  g iv e n  in  th e  fo l lo w in g  t a b l e .
78
TAB IE I
D ip o le  Moments o f  S u b s t i t u t e d  A n il in e s
P re v io u s  I n v e s t i g a t i o n  P r e s e n t  I n v e s t i g a t i o n
K b (Temp. ) h i )
( a )  m -Brom oani 1 in e 2 .6 5 (2 0 °) --- 2 .6 8 3 .0 1
(a )  £ -B ro m o a n ilin e 2 .9 9 (2 0 ° ) — 3 .0 1 3 .3 6
(b ) £-B  ro m o a n ilin e 2 .8 7 (2 3 °) --- 3 .0 1 3 .3 6
(c )  p-B rom oan i l i n e 2 .8 5 (2 5 °) — 3 .0 1 3 .3 6
(a )  m - N i t r o a n i l in e 4 .9 4 (4 0 ° ) --- 4 .9 1 5 .2 4 5
(d )  m - N i t r o a n i l in e 6 .0 0 (3 0 °) 5 .2 2 4 .9 1 5 .2 4 5
(a )  p - N i t  ro a n  i l i n e 6 .4 (7 0 ° ) — 6 .2 2 6 .8 2
(e )  £ - N i t r o a n i l i n e — (3 0 °) 6 .6 8 6 .2 2 6 .8 2
(c )  £ - N i t r o a n i l i n e 6 .3 2 (2 5 °) — 6 .2 2 6 .8 2
( f )  £ -N  i t  ro a n  i l i n e 6 .1 7 (2 5 °) 6 .8 1 6 .2 2 6 .8 2
( f )  2 : 4 - D i n i t r o a n i l i n e — (2 5 °) 6 .4 8 5 .8 7 6 .5 3
( f )  3 : 5 r D i n i t r o a n i l i n e — (2 5 °) 5 .9 1 5 .4 7 5 .9 3
( f )  2 : 4 ; 6 - T r i n i t r o a n i l i n e —— (2 5 ° ) 3 .2 5 2 .9 0 3 .3 0
(a )  T ig e n ik  ( 4 ) ;  ' (b )  Bergmann and T so h u d n o v s l^  ( 5 ) ;
( c )  Le F e v re  and Le F e v re  ( 6 ) ;  (d)  D a v is , B r id g e  and S v i r b e l y  ( 7 ) ;
( e )  Kum ler and P o r t e r  (8 ) ; ( f  )" W a ss ilie w  and S y rk in  ( 9 ) .
W a s s il ie w  and S y rk in  have m easu red  th e  d ip o le  moments o f  a  num ber 
o f  th e  compounds s tu d i e d  h e r e .  No e x te n s iv e  co m p ariso n  o f  th e  two s e t s  
o f  r e s u l t s  ' i s  p o s s ib le  a s  o n ly  th e  f i n a l  f ig u r e s  f o r  th e  moments o f  th e  
compounds a re  a v a i l a b l e  from  t h e i r  w o rk . In  th e  c a se  o f  p - n i t r o a n i l i n e
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in  b en zen e  and o f  2 ; 4 - d i n i t r o e n i l i n e  and 2 : 4 : 6 - t r i n i t r o a n i l i n e  i n  d io x a n  
W a s s i l i e w  and S y r k i n ’s r e s u l t s  a r e  0.05D h i g h e r  t h a n  t h o s e  found  h e re  
w hereas  t h e i r  f i g u r e s  f o r  £ - n i t r o a n i l i n e  and 3 i 5 - d i n i t r o a n i l i n e  i n  d io x an  
a r e ,  r e s p e c t i v e l y ,  o n ly  O.Ol and 0 .02D h i g h e r  t h a n  t h e  v a lu e s  o b ta in e d  in  
t h i s  i n v e s t i g a t i o n .
T ig a n ik ^ s  v a lu e s  f o r  t h e  d i p o l e  moments o f  m- and £ - b  romoan i l i n e  i n  
b en zen e  a t  20° a r e  0*03 and 0.02D low er th a n  t h o s e  found  h e r e w h i l s t  h i s  
f i g u r e  f o r  m - n i t r o e n i l i n e  i n  benzene  a t  40° i s  0.03D h i g h e r .
As t h e  n i t r o - a n i l i n e s  a r e  o n ly  v e r y  s p a r i n g l y  s o l u b l e  i n  b e n z e n e ,  
i n  s e v e r a l  c a s e s  t h e r e  was no d e t e c t a b l e  change i n  t h e  r e f r a c t i v e  i n d i c e s  
o f  t h e  s o l u t i o n s  o v e r  t h e  w hole  o f  t h e  c o n c e n t r a t i o n  ra n g e  s t u d i e d .  In  
a l l  t h e  o t h e r  c a s e s  w here  t h e  c o n c e n t r a t i o n  ra n g e  was s l i g h t l y  g r e a t e r  
o n ly  a  ro u g h  e s t i m a t i o n  o f  t h e  m o le c u la r  r e f r a c t i o n  c o u ld  be o b ta in e d  
e x p e r i m e n t a l l y  as t h e  s h i f t  i n  r e f r a c t i v e  in d ex  was s m a l l  and t h e  
s o l u t i o n s  o f  t h e  n i t r o - a n i l i n e s  w ere  i n t e n s e l y  c o lo u r e d .  T h e r e f o r e ,  
i n  t h i s  w o rk ,  t h e  v a lu e s  o f  th e  m o le c u la r  r e f r a c t i o n s  o f  t h e  n i t r o -  
a n i l i n e s  i n  benzene  s o l u t i o n  have b e e n  c a l c u l a t e d  from  t h e  bond 
r e f r a c t i o n s  found  b y  V ogel ( lO ) .
In  t h e  c a s e  o f  t h e  b r o m o a n i l in e s  in  b enzene  i t  i s  p o s s i b l e  t o  d e t e c t  
a  r e a s o n a b le  change i n  t h e  r e f r a c t i v e  i n d i c e s  o f  t h e  s o l u t i o n s .  The 
m o le c u la r  r e f r a c t i o n s  c a l c u l a t e d  from  t h e s e  r e a d i n g s  a r e  i n  good 
a g reem en t w i t h  th o s e  c a l c u l a t e d  from  V o g e l 's  bond r e f r a c t i o n s .  H en ce ,  
i t  seems r e a s o n a b le  t o  c a l c u l a t e  t h e  m o le c u la r  r e f r a c t i o n s  o f  t h e  
n i t r o - a n i l i n e s  from  V o g e l ’s f i g u r e s .  T ab le  I I  sum m arises  t h e  m o le c u la r  
r e f r a c t i o n s  f o r  a number o f  s u b s t i t u t e d  a n i l i n e s  found  by  t h e s e  two 
m e th o d s .
80
TABIE I I
M o le c u la r  R e f r a c t i o n s  o f  S u b s t i t u t e d  A n i l i n e s
E x p e r im e n ta l  C a l c u l a t e d  
(a )  jo -B ro m o an il in e  3 8 .4  3 8 .4
(a )  m -B rom oan iline  3 8 .6  3 8 .4
(a )  2 :4 -D ib  rom oani l i n e  4 4 .8  4 6 .2
(a )  3 :5 -D ib ro m o a n i l in e  4 6 .0  4 6 .2
(b )  2 ;4 :6 - T r ib r o m o a n i l i n e  5 5 .5  5 4 .0
(a )  2 - M e t h y l - 4 - n i t r o a n i l i n e  4 2 .0  4 2 .0
(b ) p-Ch lo r o  a n i l i n e  3 5 .8  - 3 5 .5
( c )  M es id in e  4 5 .0  4 5 .3
(c )  Aminodui e^ne ^ r  c V ^  49.6  ^ _ 5 0 .2
( a )  P r e s e n t  i n v e s t i g a t i o n ;  (b )  Few and Sm ith  ( 2 ) ;
(c )  S m ith  ( 3 ) .
The v a lu e s  o f  t h e  r e f r a c t i o n s  u sed  i n  t h e s e  c a l c u l a t i o n s  w e re ;  
C^H = 2 6 .2 ;  C , E C H = 3 1 . 1 ;  C H N H  = 3 0 . 6 ;  C H B r =  3 4 .0 ;
.. t. fc t S 3 _ _ f  A-v _ ^ ^ ,
C, H NO =  3 2 .7 ;  C H C l  =  3 1 .1 .t s % t <-5 j -  ■
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S e c t io n  I I
F a c t o r s  in f l u e n c in g  th e  D ip o le  Moments 
o f  P o l y - s u b s t i t u t e d  Benzenes
In  1926, J . J .  Thomson (11) s u g g e s te d  t h a t  th e  d i p o l e  moments o f
m o le c u le s  sh o u ld  be t h e  r e s u l t a n t s  o f  t h e  v e c t o r  su n m a t io n  o f  t h e
c h a r a c t e r i s t i c  a to m ic ,  bond and g ro u p  moments. I t  m ig h t  be e x p e c te d
t h a t  t h e  moments o f  t h e  d i s u b s t i t u t e d  b e n z e n e s ,  f o r  i n s t a n c e ,  s h o u ld
be  c a l c u l a b l e  b y  t h e  v e c t o r  law , w h ich  le a d s  t o  t h e  c o n d i t i o n s  t h a t
f o r  o r t h o  s u b s t i t u e n t s  ja =  4 ,
f o r  met a  s u b s t i t u e n t s
f o r  p a r a  s u b s t i t u e n t s  >1 =
w here  and a r e  t h e  g roup  moments o f  t h e  two s u b s t i t u e n t s .
So f a r  as  £ - d i s u b s t i t u e n t s  a re  c o n ce rn e d  t h i s  e x p e c t a t i o n  i s  
f u l f i l l e d  by  th e  h a l o g e n o - , cy an o - and n i t r o - g r o u p s . Many a p p a r e n t
a n o m a l ie s  a r i s e  when th e  v e c t o r  t h e o r y  i s  a p p l i e d  t o  t h e  c a l c u l a t i o n  
o f  t h e  d i p o l e  moments o f  a ro m a t ic  compounds. I f  t h e  e l e c t r i c  moments 
a s s o c i a t e d  w i t h  c h e m ic a l  bonds w ere c o n s t a n t  q u a n t i t i e s  and d e p en d e n t  
o n ly  on t h e  d i f f e r e n c e  betw een  t h e  e l e c t r o - n e g a t i v i t i e s  o f  t h e  atoms 
b o n d ed , f o r  exam p le ,  t h e n  th e  d i p o l e  moments o f  t h e  h a lo g e n o b e n z e n e s , 
n i t r o b e n z e n e ^ . a n i l i n e ,  e t c .  sh o u ld  be e q u a l  t o  t h o s e  o f  t h e i r  a l i p h a t i c  
a n a lo g u e s ,  b u t  t h i s  i s  n o t  t r u e .  T h e r e f o r e ,  t h e r e  must be  some o t h e r  
f a c t o r  o p e r a t i n g  in  t h e s e  o a s e s .
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The v a r io u s  mechanisms by w h ic h  t h e  i n t r o d u c t i o n  o f  a s u b s t i t u e n t  
g roup  may cause  a  d is p la c e m e n t  o f  e l e c t r o n s  i n  t h e  r e m s in d e r  o f  t h e  
m o le c u le  a r e  rev iew ed  i n  t h i s  s e c t i o n .  These a r e  g e n e r a l l y  c l a s s i f i e d  
a c c o r d in g  t o  t h e i r  o r i g i n  in to  i n d u c t i v e  and m esom eric e f f e c t s .
I n d u c t iv e  E f f e c t
A l l  m a t t e r  i n  t h e  v i c i n i t y  o f  a d ip o l e  te n d s  t o  become p o l a r i s e d .  
C o n s e q u e n t ly ,  a d ip o l e  i n  one bond o r  g roup  has  a  p o l a r i s i n g  e f f e c t  on 
t h e  r e m a in d e r  o f  t h e  m o le c u le .  The p re s e n c e  o f  a d i p o l e  in  a  g ro u p  in  
a b en zen e  r i n g  w i l l  p ro d u ce  an  induced  moment i n  t h e  benzene  r i n g .  T h is  
w i l l  g e n e r a l l y  be g r e a t e r  t h a n  t h a t  p ro d u ced  in  an  a l k y l  g roup  owing t o  
t h e  g r e a t e r  po l a r i s  a b i l i t y  o f  th e  benzene  r i n g .  I f  t h i s  w ere  t h e  o n ly  
f a c t o r  c o n c e rn e d ,  t h e  moments o f  t h e  a ro m a t ic  compounds w ould  be e x p e c te d  
t o  be r a t h e r  g r e a t e r  t h a n  th o s e  o f t h e  a l i p h a t i c  compounds. As t h i s  i s  
t r u e  i n  some c a se s  b u t  n o t  in  o th e r s  t h e r e  must a l s o  be some o t h e r  
f a c t o r  o p e r a t i n g .
M esomeric E f f e c t
The a ro m a t ic  r i n g  may be w r i t t e n  f o r m a l l y  as  a c o n ju g a te d  sy s tem  
w i t h  a l t e r n a t e  s i n g l e  and d o ub le  b o n d s .
In  s u b s t i t u t e d  b en zen es  when an atom  l in k e d  d i r e c t l y  t o  t h e  r i n g  
has an  u n s h a r e d  p a i r  o f  e l e c t r o n s  in  i t s  v a le n c y  s h e l l  t h e y  can  be 
s h a r e d  w i t h  t h e  c a rb o n  atom t o  w h ich  i t  i s  a t t a c h e d .  Th is  le a d s  t o  
a d ju s tm e n ts  in  th e  d i s p o s i t i o n  o f  th e  e l e c t r o n s  so  t h a t  t h e  s t r u c t u r e  




The r e s u l t  i s  t h a t  t h e r e  a re  f r a c t i o n a l  n e g a t i v e  c h a rg e s  on t h e  ca rb o n  
atoms in  t h e  o r th o  and p a ra  p o s i t i o n s  in  t h e  r i n g .
I f  t h e  d ip o l e  o f  s u b s t i t u e n t  X i s  d i r e c t e d  w i t h  i t s  n e g a t i v e  end 
away fro m  th e  r i n g  t h i s  mesomeric e f f e c t  w i l l  p ro d u ce  a  component o f  t h e  
moment w h ic h  w i l l  oppose th e  p r im a ry  moment. T h e r e f o r e ,  t h e  moment o f  
t h e  a r o m a t ic  compound w i l l  te n d  t o  be l e s s  t h a n  t h a t  o f  i t s  a l i p h a t i c  
a n a lo g u e ,  i n  t h i s  c a s e .
On t h e  o t h e r  h a n d ,  i f  t h e  atom  X , l i n k e d  t o  a  c a rb o n  a tom  o f  t h e  
r i n g ,  i s  i t s e l f  a l s o  l i n k e d  t o  an atom Y by  a  d o u b le  o r  t r i p l e  bond 
t h e r e  i s  t h e  p o s s i b i l i t y  o f  a mesomeric e f f e c t  i n  t h e  r e v e r s e  s e n s e .
The o v e r a l l  s t r u c t u r e  w i l l  be made up from  c o n t r i b u t i o n s  fro m  th e  f i v e  




and t h e r e  w i l l  be f r a c t i o n a l  p o s i t i v e  c h a rg e s  on t h e  o r th o  and p a r a  
c a rb o n  a to m s .
In  t h i s  case^ i f  t h e  g roup  XY has  a  moment d i r e c t e d  away fro m  t h e  
r i n g  t h e  mesom eric e f f e c t  i s  in  t h e  same s e n s e  as t h i s  moment and t h e  
moment o f  t h e  a ro m a t ic  compound w i l l  t e n d  t o  be g r e a t e r  t h a n  t h a t  o f  i t s  
a l i p h a t i c  a n a lo g u e .
I t  i s  d i f f i c u l t  t o  e v a l u a t e  t h e  a c t u a l  e x t e n t  t o  w h ich  th e  
d i f f e r e n c e s  be tw een  t h e  d ip o l e  moments o f  a r o m a t ic  compounds and t h e i r  
a l i p h a t i c  a n a lo g u e s  a r e  d ependen t on th e  m esom eric e f f e c t  b e c a u se  i t  i s  
n o t  e a s y  t o  s e p a r a t e  t h e  in d u c t iv e  and m esom eric e f f e c t s  from  e a c h  o t h e r .  
In  f a c t  t h e  s e p a r a t i o n  o f  t h e  e l e c t r o n  d i s p la c e m e n ts  i n t o  t h e s e  two
A ir
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e f f e c t s  i s  r a t h e r  a r b i t r a r y  and d e p en d e n t  upon t h e  d e v ic e s  u s e d  t o  e x p r e s s  
d ia g r a m m a t i c a l ly  th e  e l e c t r o n  d i s p la c e m e n ts  w h ich  o c c u r .  On th e  
m o le c u la r  o r b i t a l  t h e o r y ,  t h i s  d i s t i n c t i o n  d i s a p p e a r s .
S u t t o n  (12) t r i e d  t o  overcome t h i s  d i f f i c u l t y  b y  com paring  th e  
moments o f  s u b s t i t u t e d  benzenes  w i t h  t h o s e  o f  t h e  c o r r e s p o n d in g  t e r t . 
b u t y l  compounds. T h is  method does n o t  make f u l l  a l lo w a n c e  f o r  t h e  f a c t  
t h a t  t h e  po l a r i s  a b i l i t y  o f  benzene i s  n o n - i s o t r o p i c  owing t o  t h e  e a s e  o f  
p o l a r i s a t i o n  o f  th e  T T - e le c t r o n s  in  t h e  p la n e  o f  t h e  r i n g s .  On t h e  
o t h e r  h a n d .  Groves and Sugden (13) a t t e m p te d  a  more co m p le te  a n a l y s i s  o f  
t h e  i n d u c t i v e  e f f e c t  b u t ,  in  o r d e r  t o  c a r r y  t h i s  o u t ,  i t  was n e c e s s a r y  
t o  make a s su m p tio n s  r e g a r d in g  th e  d i e l e c t r i c  c o n s t a n t  o f  t h e  p o l a r  i s  a b l e  
m a t e r i a l  o f  t h e  r i n g  and a l s o  o f  t h e  medium b e tw een  t h e  d i p o l e  and t h e  
e le m e n ts  o f  t h e  r i n g  c o n s id e r e d .  I t  i s  v e r y  d i f f i c u l t  t o  a s s i g n  a  t r u e  
v a lu e  t o  e i t h e r  o f  t h e s e  q u a n t i t i e s  and i t  i s  e q u a l l y  d i f f i c u l t  t o  d e c id e  
upon t h e  l o c a t i o n  t o  be  a s s ig n e d  t o  t h e  d i p o l e ,  w h ich  f o r  t h i s  p u rp o se  
i s  assumed t o  be a  p o i n t - d i p o l e .  H ence , i t  i s  u s u a l  t o  u se  t h e  te rm  
"m esom eric  moment" i n  t h e  s e n s e  o r i g i n a l l y  d e f i n e d  by  S u t t o n ,  i . e .  a s  
t h e  v e c t o r  d i f f e r e n c e  b e tw een  th e  moment o f  an  a r o m a t ic  m o le c u le  and t h a t  
o f  i t s  a l i p h a t i c  ( p r e f e r a b l y  t e r t . b u t y l )  a n a lo g u e .
A l l  t h e s e  e f f e c t s  become much more complex when more t h a n  one 
s u b s t i t u e n t  i s  In t r o d u c e d  in t o  t h e  a r o m a t ic  r i n g .  As e a c h  o f  t h e s e  
e f f e c t s ,  w h ich  may in f l u e n c e  th e  d i p o l e  moment o f  t h e  compound, w i l l  be 
m en tio n ed  i n  t h e  d i s c u s s i o n  o f  t h e  e x p e r im e n t a l  r e s u l t s ,  t h e y  w i l l  be 
sum m arised  b r i e f l y  h e r e .
Mutu a l  I n d u c t iv e  E f f e c t s  o f  S u b s t i t u e n t  Groups
The d i p o l e s  o f  e ach  s u b s t i t u e n t  g ro u p  w i l l  t e n d  t o  d i s p l a c e  th e
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e l e c t r o n s  o f  t h e  o t h e r  groups p r e s e n t ,  i . e .  p ro d u ce  in d u c ed  d ip o le s  i n  
th e m . P ro v id e d  t h a t  t h e  s u b s t i t u e n t s  a r e  some d i s t a n c e  a p a r t  c l a s s i c a l  
e l e c t r o s t a t i c  t h e o r y  may be used  t o  c a l c u l a t e  ro u g h  v a lu e s  o f  t h e s e  
in d u c ed  moments. The t h e o r y  o f  Smallwood and H e r z f e ld  ( 1 4 ) ,  w h ich  has 
b e e n  d e v e lo p e d  by  F r a n k  (15) and by  Hampson and W e is s b e r g e r  (16 )  shows 
t h a t  t h e  components o f  t h e  induced  moment a lo n g  and a t  r i g h t  a n g le s  t o  
t h e  a x i s  o f  t h e  in d u c in g  d ip o le  a re  g iv e n  by
H  =  -  1)
u„  = uK .^a ^ .3  s in  0  cos 8
w here  i s  t h e  po l a r i s  a b i l i t y  o f  t h e  po l a r i s  a b le  s y s te m ,  r  is  t h e  d i s t a n c e  
b e tw ee n  th e  d ip o le  and t h e  po l a r i s  ab le  c e n t r e  o f  t h e  o t h e r  s u b s t i t u e n t ,
0  i s  t h e  a n g le  o f  i n c l i n a t i o n  to  t h e  d i p o l e  o f  t h e  l i n e  j o i n i n g  t h e s e  
p o i n t s ,  and and 6  ^ a r e  th e  d i e l e c t r i c  c o n s t a n t s  o f  t h e  p o l a r  is  a b le  
m a t e r i a l  and t h e  medium i n t e r v e n i n g  b e tw een  t h i s  and t h e  d i p o l e ,  
r e s p e c t i v e l y .
The main d i f f i c u l t i e s  w h ich  a r i s e  in  a p p ly in g  t h i s  t h e o r y  a r e  t h e  
same as t h o s e  e n c o u n te re d  in  Groves and Sugden*s a n a l y s e s ,  v i z .  t h e  
l o c a t i o n  t o  be assumed f o r  th e  p o i n t  d ip o le  and t h e  v a lu e s  t o  be used  
f o r  t h e  d i e l e c t r i c  c o n s t a n t s  i n v o lv e d .  As no c o n t r i b u t i o n s  from  
m o le c u la r  r o t a t i o n  s h o u ld  be in c lu d e d  in  t h e  l a t t e r  t h e i r  v a lu e s  have  b een  
t a k e n  h e re  as a p p ro x im a te ly  e q u a l  t o  th e  d i e l e c t r i c  c o n s t a n t  o f  benzene  
( 2 . 2 7 ) .  A lth o u g h  i t  seems a r a t h e r  sw eeping  a ssu m p tio n  t o  a p p ly  t h e s e
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m acros c o p ie  c o n s i d e r a t i o n s  t o  su c h  a  p ro b lem  i t  has b e e n  shown t h a t  i t  
does e x p l a i n  s a t i s f a c t o r i l y  t h e  o b se rv ed  moments o f  s u c h  compounds as 
t h e  m o n o n i t ro -  and monohalogeno- d ip h e n y ls  (1 7 ) .
The c a l c u l a t i o n  o f  th e  o r d e r  o f  m agn itude  o f  t h e  m u tu a l  i n d u c t i v e  
e f f e c t s  o f  two p o l a r  groups upon, one a n o t h e r  may be i l l u s t r a t e d  by 
e v a l u a t i n g  i t  f o r  £ - b  romoan i l i n e .  F o r  t h i s  p u rp o se  b o th  t h e  l o c a t i o n s  
o f  t h e  p o i n t  d i p o l e s  and t h e  p o l a r i s a b l e  c e n t r e s  o f  t h e  s u b s t i t u e n t  
g ro u p s  can  b e  assumed t o  b e  n e a r  t h e  c e n t r e s  o f  t h e  n i t r o g e n  and brom ine 
a to m s ,  r e s p e c t i v e l y .  The N-C, C^- and C -Br i n t e r - n u c l e a r  d i s t a n c e s  
may be  t a k e n  as 1 .4 5 ,  1 .4 0 ,  and 1.88A> r e s p e c t i v e l y .  By c o m p ar iso n  o f  
t h e  m o le c u la r  r e f r a c t i o n s  o f  b e n ze n e ,  b ro m o b en zen e , and a n i l i n e  i t  i s  
d educed  t h a t  t h e  po l a r i s  a b i l i t i e s  o f  t h e  amino g ro u p  and o f  t h e  brom ine  
a tom  exceed  t h a t  o f  t h e  hyd ro g en  atom  w h ich  t h e y  r e p l a c e  by  1 .8 0  and 
3 .0 5  X 10*^^ C . C . ,  r e s p e c t i v e l y .  Hence t h e  induced  moment, i n  t h e  
d i r e c t i o n  o f  t h e  C-Br d i p o l e ,  p roduced  i n  t h e  amino g ro u p  as a  r e s u l t  
o f  t h e  p r e s e n c e  o f  t h e  b rom ine  atom i s
= 1-56 I  1 .8  I  10~^^ X  4 .27  ^ g _ 0 . 01513,
3 X 2 .2 7  X 6 .1 3 ^  x 1 0 '^ ^  “
S i m i l a r l y  t h e  components o f  t h e  induced  moments p ro d u ced  i n  t h e  brom ine
atom  as a  r e s u l t  o f  t h e  p re s e n c e  o f  t h e  amino g roup  a re
(a )  a lo n g  t h e  a x is  o f  t h e  NEg d ip o le
M x  = X ^ '9 ^  ^ ^  ( 3  008 48° -  1) = 0 .0 0 ® .
3 X 2 .2 7  X 6.13® x
(b ) a t  r i g h t  a n g le s  t o  t h e  NHg d ip o le
JUy •= 1-53  X  3 .0 5  X I0~^^  X 4j 2 7 (g 480cos 4 8 °)  =  0.019D.
■ 3 X 2 .2 7  X 6 . 1 3 3  X  10-24  =
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Now t h e  r e s u l t a n t  d ip o le  o f t h e  m o lecu le  w i l l  be i n c l i n e d  a t  a b o u t 24° 
t o  b o t h  th e  C-Br and NHg d ip o le  so  t h e  component o f  th e  induced  moment 
a lo n g  t h e  a x is  o f  th e  r e s u l t a n t  d ip o le  i s
0 .0 1 5  cos 24° + 0 .0 0 4  cos 24° +  0 .0 1 9  cos 66° =  0.025D
Owing t o  t h e  h igh  p o l a r  is  a b i l i t y  o f  th e  brom ine atom  t h i s  i s  t h e  
compound w h ich  has t h e  h ig h e s t  r e l a t i v e  moment a r i s i n g  f ro m  m u tu a l  
i n d u c t i o n  be tw een  t h e  g ro u p s .  T h is  v a l u e ,  how ever, i s  s m a l l  as  
com pared w i t h  th e  o b se rv ed  enhancem ent o f  d ip o l e  moment when two g roups 
a r e  p a r a  t o  one a n o t h e r .  H ence, i t  does n o t  a c c o u n t  f o r  a l l  t h e  
d i f f e r e n c e  o b se rv ed  b u t  must be b o rn e  in  mind when i n t e r p r e t i n g  s m a l l  
d i f f e r e n c e s  be tw een  c a l c u l a t e d  and e x p e r i m e n t a l  moments.
O th e r  M o d i f i c a t io n s  t o  In d u c t iv e  E f f e c t  w i t h  Two S u b s t i t u e n t s
A lth o u g h  t h i s  method i s  r e a s o n a b ly  s a t i s f a c t o r y  in  c o n ju n c t io n  w i t h  
v e c t o r  summation in. e x p l a i n in g  th e  o b se rv e d  moments o f  t h e  £ - h a  loge  no­
t e  lu e  nes , f o r  i n s t a n c e ,  i t  i s  l e s s  c o n v in c in g  when a p p l i e d  t o  m o le c u le s  
c o n t a i n i n g  two g roups  w h ich  a re  o r th o  o r  m eta  t o  one a n o t h e r .  I f  t h e  
bonds l i n k i n g  th e  r i n g  c a rb o n  atoms t o  t h e  s u b s t i t u e n t  g roups  a r e  
d i r e c t e d  r a d i a l l y  from  t h e  c e n t r e  o f  t h e  r i n g ,  t h e  moment o f  £ - d i n i t r o -  
o r  an  o - d ih a  loge  nobenzene would be e x p e c te d  t o  be V i  t im e s  t h e  moment 
o f  t h e  c o r r e s p o n d in g  m o n o s u b s t i tu te d  b e n ze n e .  As shown by t h e  f i g u r e s  
in  T a b le  I I I ,  t h e  o b s e rv e d  v a lu e s  a re  a l l  much l e s s  t h a n  t h i s .  The 
" e f f e c t i v e  moments" o f  t h e  s u b s t i t u e n t s ,  w h ich  a r e  t im e s  t h e  o b s e rv e d  
moments o f  t h e  d i s u b s t i t u t e d  compounds a r e  b e tw een  8 end 24^  low er t h a n  
in  t h e  m o n o s u b s t i tu t e d  benzenes.
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TAB IE I I I
Momenta o f  o - C i s u b s t i t u t e d  Benzenes in  Benzene S o l u t i o n
X p(PhX) ^(o-CgE^Xg) P (^e f  f . ) R a t i o  Q i ( e f f
NOg 4 .0 1 5 .9 8 3 .4 5 0 .9 0
F 1.48 2 .3 8 1 .3 7 0 .9 2
Cl 1 .58 2.33 1 .3 5 0 .8 9
B r 1.56 2 .11 1 .22 0 .8 3
I 1.40 1.70 0 .9 8 0 .7 6
An in c r e a s e  o f  t h e  a n g le  be tw een  t h e  moment v e c t o r s  o f  t h e  two 
g ro u p s  c a n n o t  be r u l e d  o u t  a s  a c o n t r i b u t o r y  cause  o f  t h i s  e f f e c t  b u t  
i n - p l a n e  d is p la c e m e n t  o f  th e  groups w i t h  r e s p e c t  t o  one a n o th e r  i s  
l i k e l y  t o  be much t o o  s m a l l  t o  acco u n t  f o r  t h e  m ag n itu d e  o f  t h e  e f f e c t  
o b s e r v e d .  F o r  exam p le ,  t h e  an g le  b e tw een  th e  C - I  moment v e c to r s  i n  
o - d i - io d o b e n z e n e  would have t o  be i n c r e a s e d  from  60° t o  105° t o  a c c o u n t  
f o r  t h e  moment o b s e rv e d .  O u t - o f - p la n e  b e n d in g  o f  t h e  C-X bonds has
a l s o  b een  s u g g e s te d  by some e l e c t r o n  d i f f r a c t i o n  m e asu rem en ts .  T h is  
i s  u n l i k e l y  t o  be g r e a t  s i n c e ,  i f  t h i s  were t h e  c a s e ,  i t  w ould be 
e x p e c te d  t h a t  th e  d i f f e r e n c e  betw een  th e  m o le c u la r  p o l a r i s a t i o n  and 
m o le c u la r  r e f r a c t i o n  o f  1 : 3 ; 5 - t r i b r o m o - 2 : 4 ; 6 - t r i n i t r o b e n z e n e  would be 
much g r e a t e r  t h a n  th e  sum of th e  c o r re s p o n d in g  d i f f e r e n c e s  f o r  sym- 
t r ib ro m o b e n z e n e  and sym- t r i n i t r o b e n z e n e . T his  i s  n o t  t r u e .  The 
i m p r o b a b i l i t y  o f a p p r e c i a b l e  b e n d in g  o f  t h e  bonds i s  a l s o  i n d i c a t e d  by  
t h e  f a c t  t h a t  t h e  d i p o l e  moments o f  2 : 4 : 6 - t r i b r o m o - n i t r o - b e n z e n e  and 
2 : 4 : 6 - t r i b r o m o - l : 3 - d i n i t r o b e n z e n e  a r e  a lm o s t  e x a c t l y  e q u a l  (1 8 ) .
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A ls o ,  i n  th e  absence  o f  a d e q u a te  d a t a  f o r  t h e  d i p o l e  moments i n  t h e  
v a p o u r  s t a t e  t h e  s o l v e n t  e f f e c t  c a n n o t  be r u l e d  o u t  as c o n t r i b u t i n g  t o  
t h e  o b s e rv e d  d i f f e r e n c e ,  b u t  t h i s  i s  im p ro b a b le ,  a s  on g e n e r a l  g rounds  
t h e r e  i s  no r e a s o n  why ^ - d i n i t r o b e n z e n e  sh o u ld  show a  g r e a t e r  n e g a t i v e  
s o l v e n t  e f f e c t  t h a n  n i t r o b e n z e n e .  In  m - d in i t r o b e n z e n e  t h e  s o l v e n t  
e f f e c t  w ould  be e x p e c te d  t o  be l e s s  t h a n  in  n i t r o b e n z e n e ,  as t h e  main 
com ponents o f  th e  in d u ced  moments i n  t h e  s o l v e n t  m o le c u le s  w i l l  n o t  be  
d i r e c t e d  a lo n g  th e  a x i s  o f  t h e  r e s u l t a n t  d i p o l e .
The m a jo r  e f f e c t  must a r i s e ,  t h e r e f o r e ,  from  in d u c t i v e  o r  m esom eric 
e f f e c t s .  Smallwood and H e r z f e ld  a t t r i b u t e d  t h e  w ho le  t o  t h e  m u tu a l  
i n d u c t i v e  e f f e c t s  o f  t h e  s u b s t i t u e n t  g roups  and showed by c a l c u l a t i o n s  
t h a t  t h e  o b se rv e d  moments co u ld  be e x p la in e d  r o u g h ly  on t h e s e  g ro u n d s .
In  t h e i r  c a l c u l a t i o n s ,  how ever, t h e y  made t h e  d o u b t f u l  a s su m p tio n  t h a t  
t h e  d i e l e c t r i c  c o n s ta n t  o f  t h e  medium b e tw een  e a c h  d i p o l e  and t h e  
po l a r i s  a b le  c e n t r e  o f  t h e  c e n t r e  g roup  i s  u n i t y .  As t h e  d i s t a n c e s  
in v o lv e d  a r e  so  s h o r t  t h e  c a l c u l a t e d  e f f e c t  i s  v e ry  c r i t i c a l l y  d e p e n d e n t  
on t h e  l o c a t i o n s  assumed f o r  t h e  d i p o l e  and t h e  p o l a r i s a b l e  c e n t r e .  
R e a s o n a b le  a ssu m p tio n s  f o r  th e s e  when used  i n  c o n ju n c t io n  w i t h  a  v a lu e  
o f  2 .2 7  f o r  t h e  d i e l e c t r i c  c o n s ta n t s  in v o lv e d  le a d  t o  c a l c u l a t e d  
d e p r e s s i o n s  o f  t h e  e f f e c t i v e  moment o f  e a c h  g roup  w h ic h  a r e  o n ly  a b o u t  
o n e - t h i r d  o f  t h e  o b se rv e d  d e p r e s s i o n s .
T h a t  t h e  whole o f  t h i s  " o r t h o - e f f e c t "  i s  n o t  due t o  s im p le  
i n d u c t i o n  o f  moments i n  each  s u b s t i t u e n t  by t h e  d ip o l e  o f  t h e  o t h e r  i s  
a l s o  s u g g e s t e d  by  t h e  moments o f  m - d i s u b s t i t u t e d  b e n z e n e s .  I f  t h e  
s im p le  v e c t o r  a d d i t i v i t y  law h e ld  t h e i r  moments w ould  be  e x p e c te d  t o  
be  e q u a l  t o  t h o s e  o f  t h e  c o r r e s p o n d in g  m o n o - s u b s t i t u t e d  b e n z e n e s .  The 
o b s e rv e d  v a l u e s ,  h o w ev er ,  a r e  low er in  e ach  c a s e .
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TABLE IV
D ip o le  Moments o f  m - D is u b s t i t u t e d  Benzenes i n  Benzene
X >j(PhX) ji(m-CgH4X2) R a t io
NOg 4 .0 1 3 .8 2 0 .9 5 6
C l 1 .5 8 1 .49 0 .9 4 3
Br 1.56 1 .4 9  . 0 .9 5 4
I 1 .40 1 .2 7 0 .9 3 6
Owing t o  t h e . f a c t  t h a t  th e  l i n e  j o i n i n g  t h e  p o l a r i s a b l e  c e n t r e  o f  
one group t o  t h e  d i p o l e  o f  t h e  o t h e r  i s  i n c l i n e d  a t  a b o u t  60° t o  t h e  
a x i s  o f  t h i s  d i p o l e ,  t h e  moments w h ich  a r e  in d u c ed  a t  e a c h  s u b s t i t u e n t  
by  t h e  d i p o l e  o f  t h e  o t h e r  have o n ly  a  s m a l l  r e s u l t a n t  a c t i n g  a lo n g  th e  
a x i s  o f  t h e  m o le c u la r  d i p o l e  moment. I f  t h e  d i e l e c t r i c  c o n s t a n t  o f  
t h e  i n t e r v e n i n g  m a t e r i a l  i s  ta k e n  as 2 .2 7 ,  t h i s  e f f e c t  a c c o u n ts  f o r  a  
moment d e c r e a s e  o f  o n ly  0.02D. i n  m - d in i t r o b e n z e n e  and ab o u t  0 . 0 I D . in  
t h e  h a lo g en o b en zen es  o r  o n ly  abou t 10^ o f  t h e  o b s e rv e d  d e c r e a s e s .  Even 
Smallwood and H e rz f e ld  »s assu m p tio n  t h a t  t h i s  d i e l e c t r i c  c o n s t a n t  i s  
u n i t y  w ould  acco u n t f o r  d e c r e a s e s  o f  o n ly  ab o u t  0.05D. and 0.03D. 
r e s p e c t i v e l y .  I t  i s  e v i d e n t ,  t h e r e f o r e ,  t h a t  a n o th e r  f a c t o r  i s  
o p e r a t i n g  h e r e .  T h is  canno t be a  d e c r e a s e  in  t h e  m esom eric e f f e c t  
o f  e a c h  s u b s t i t u e n t  th r o u g h  th e  p re s e n c e  o f  t h e  o t h e r ,  s i n c e  s u c h  a  
d e c r e a s e  w ould a c c o u n t  f o r  th e  low er moment o f  m - d in i t r o b e n z e n e  b u t  
w ould  be e x p e c te d  t o  g iv e  r i s e  t o  in c r e a s e d  moments in  t h e  m -d ih a lo g e n o -  
b e n z e n e s .  The o b s e rv e d  e f f e c t ,  t h e r e f o r e ,  must r a t h e r  be a s s o c i a t e d  
w i t h  a  n o n - a d d i t i v i t y  o f  t h e  i n d u c t iv e  e f f e c t s  o f  th e  s u b s t i t u e n t
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g r o u p s .  This  i s  t o  be e x p e c te d  s i n c e  th e  i n d u c t i v e  e f f e c t  i s  p r o p a g a te d  
c h a in - w i s e  th r o u g h  t h e  p o l a r i s a t i o n  o f  t h e  e l e c t r o n s  o f  e a c h  C-C bond , 
and t h e  i n t r o d u c t i o n  o f  a second  s u b s t i t u e n t  i n t e r f e r e s  w i t h  t h i s
p r o p a g a t io n  th r o u g h  th e  carbon  atom t o  w h ich  i t  i s  l i n k e d .
I n t e r a c t i o n  o f  M esomeric E f f e c t s
The d ip o le  moments o f  th e  p^-ha logeno-, p - n i t r o -  and p - c y a n o to lu e n e s  
i n  b e n ze n e  a re  a l l  a b o u t  0 .3  t o  0.4D. g r e a t e r  t h a n  t h e  v a lu e s  f o r  t h e  
c o r r e s p o n d in g  d e r i v a t i v e s  of b e n ze n e .  As th e  in d u ced  moments p ro d u ced
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i n  e a c h  s u b s t i t u e n t  by t h e  o th e r  s h o u ld  be s m a l l  and t h e  d i p o l e  moment 
o f  t o l u e n e  i s  a b o u t 0.37D. w i t h  t h e  p o s i t i v e  end o f  t h e  d i p o l e  d i r e c t e d  
away from  th e  r i n g ,  th e  v e c t o r  law a p p e a rs  t o  h o ld  f a i r l y  w e l l  i n  t h e s e  
com pounds. T h e r e f o r e ,  i t  seems r e a s o n a b le  t o  assume t h a t  t h e  v e c t o r  
law  i s  obeyed f o r  o t h e r  p - s u b s t i t u t e d  to lu e n e s  in  w h ic h  t h e  d i p o l e  a x i s  
o f  t h e  s u b s t i t u e n t  g roup  i s  n o t  d i r e c t e d  a lo n g  t h e  a x i s  o f  t h e  bond 
l i n k i n g  i t  t o  t h e  r i n g  c a rb o n  atom. T h is  has b een  assumed i n  t h i s  w ork 
i n  c a l c u l a t i n g  t h e  a n g le  o f  i n c l i n a t i o n  o f  t h e  d i p o l e  o f  t h e  am in o -g ro u p .
When two d i f f e r e n t  o - p - d i r e c t in g  g r o u p s ,  o t h e r  t h a n  m e th y l ,  a r e  i n
p o s i t i o n s  p a r a  t o  one a n o t h e r ,  t h e  r e s u l t i n g  m o lecu le  f r e q u e n t l y  has a
d i p o l e  moment w h ich  d i f f e r s  a p p r e c i a b ly  from  th e  v a lu e  c a l c u l a t e d  by  th e  
v e c t o r  sum m ation m ethod. In  su c h  c a se s  i t  can  r e a s o n a b ly  be  assumed 
t h a t  t h e r e  i s  an  i n t e r a c t i o n  betw een b o th  th e  i n d u c t i v e  and t h e  mesomeric 
e f f e c t s  o f  t h e  two g r o u p in g s .  Thus f o r  s u b s t i t u e n t s  X and Y, t h e  
m esom eric  e f f e c t  o f  X w i l l  te n d  t o  g iv e  c o n t r i b u t i o n s  t o  t h e  s t a t e  o f  
t h e  m o le c u le  from  s t r u c t u r e s  su ch  as
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w h i l s t  t h e  mesomeric e f f e c t  o f  Y w i l l  l e a d  to  c o n t r i b u t i o n s  from  
s t r u c t u r e s  su ch  as
Y 0
The c h a r a c t e r i s t i c s  o f  t h e  groups X and Y w i l l  g o v e rn  th e  p re d o m in a t in g  
s t r u c t u r e .
When a  m - d i r e c t i n g  g ro u p  i s  s u b s t i t u t e d  i n  t h e  p o s i t i o n  p a r a  t o  an 
o - p - d i r e c t in g  g ro u p ,  how ever, t h e  c o n t r i b u t i n g  re so n a n c e  s t r u c t u r e s  
become much more im p o r ta n t  th a n  w i t h  e i t h e r  s u b s t i t u e n t  s e p a r a t e l y .
T h is  i s  r e f l e c t e d  i n  t h e  l a r g e  in c r e a s e  in  t h e  m esom eric moment o f  t h e  
compound. In t h e s e  compounds t h e  m esom eric e f f e c t s  o f  e a c h  group t e n d  
t o  s e t  up s i m i l a r  e l e c t r o n  d i s t r i b u t i o n s  in  th e  i o n i c  re s o n a n c e  
s t r u c t u r e s ,  w h ich  a r e  t h e r e b y  s t a b i l i s e d ,  as in
0
where X i s  an o - p - d i r e c t in g  g ro u p  and YZ i s  a m - d i r e c t i n g  g ro u p .  The 
i n t e r a c t i o n  moment i s  as g r e a t  as 1.48D. i n  th e  case  o f  ^ - n i t r o d i m e t h y l -
a n i l i n e .
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S t e r i o  I n h i b i t i o n  o f  Mesomerism
The mesom eric e f f e c t  o f  groups s u b s t i t u t e d  i n  t h e  b enzene  r i n g  a r i s e s  
from  t h e  c o n ju g a t io n  o f  an o r b i t a l  o f  t h e  s u b s t i t u e n t  g ro u p ,  o r  o f  t h e  
atom  a d j a c e n t  t o  t h e  r i n g ,  w i t h  t h e  T T -e lec tro n  s y s te m  o f  t h e  r i n g .  * I f  
t h i s  a d j a c e n t  atom is  i n  th e  f i r s t  s h o r t  p e r i o d ,  t h e  a to m ic  o r b i t a l  
in v o lv e d  must have c o n s id e r a b le  p - c h a r a c t e r .  I t s  o v e r l a p  w i th  t h e  r i n g  
o r b i t a l s  w i l l ,  i n c r e a s e  t o g e t h e r  w i t h  i t s  p - c h a r a c t e r  and t h e  a p p ro a c h  o f  
i t s  a x i s  t o  t h e  p e r p e n d i c u l a r  t o  t h e  p la n e  o f  t h e  b en zen e  r i n g .
T h i s , s t a t e  o f  a f f a i r s  can  be b ro u g h t  a b o u t  w i th o u t  any d i s p la c e m e n t  
o f  t h e  n u c l e i  when t h e  s u b s t i t u e n t  i s  a  h a lo g e n  a tom  o r  a  c y a n o -g ro u p .
F o r  t h e  n i t r o -  o r  a ld eh y d e  g ro u p ,  how ever, t h e  c o n j u g a t i o n  n e c e s s i t a t e s  
t h e  p la n e  o f  t h e  s u b s t i t u e n t  group b e in g  drawn i n t o  o r  n e a r  t o  t h e  p la n e  
o f  t h e  r i n g ,  and hence s u c h  s t r u c t u r e s  w i l l  be p r e f e r r e d .  W ith  amino - , 
m e th y la m in o - ,  d im e th y la n d  n o - ,  hydroxy , and methoxy g r o u p s ,  two 
c o n f i g u r a t i o n a l  changes can  be d i s t i n g u i s h e d .  In  t h e  f i r s t  p l a c e ,  
t h e r e  w i l l  be a  te n d e n c y  to w ard s  t r i g o n a l  h y b r i d i s a t i o n  o f  t h e  o r b i t a l s  
o f  t h e  atom  a d j a c e n t  t o  t h e  r i n g  so  t h a t  t h e  p - o h a r a c t e r  o f  t h e  l o n e - p a i r  
o r b i t a l  w i l l  be i n c r e a s e d .  S eco n d ly ,  i n  o r d e r  t o  p e r m i t  t h i s  o r b i t a l  
t o  c o n ju g a t e  w i th  t h e  r i n g  s y s te m , t h e  o t h e r  atoms l in k e d  t o  t h e  n i t r o g e n  
o r  oxygen atom w i l l  t e n d  t o  be drawn i n t o  o r  n e a r  t o  t h e  p la n e  o f  t h e  
r i n g .
The p re s e n c e  o f  s u b s t i t u e n t  g roups in  p o s i t i o n s  o r t h o  t o  t h e  g roup  
u n d e r  c o n s i d e r a t i o n  may ex c lu d e  com ple te  c o p l a n a r i t y  on s t e r i c  g ro u n d s  
so  t h a t  ev en  i f  some c o n ju g a t io n  w i t h  t h e  r i n g  i s  p o s s i b l e  t h e  m esom eric  
e f f e c t  s h o u ld  be l e s s  t h a n  i n  t h e  absence  o f t h e  o r th o  s u b s t i t u e n t s .
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On t h i s  b a s i s ,  changes in  th e  "mesomeric moment", i n  t h e  s e n s e  d e f in e d  
b y  S u t t o n ,  when o b s t r u c t i v e  g roups a re  i n t r o d u c e d  i n  t h e  r i n g ,  have 
f r e q u e n t l y  been  used  as  e v id en c e  o f  th e  i n h i b i t i o n  o f  mesom erism. The 
most c o n v in c in g  exam ples have b een  t h e  com parisons  o f  t h e  d i p o l e  moments 
o f  n i t r o m e s i t y l e n e ,  3 .6 7 D .(1 9 ) ,  and n i t r o d u r e n e ,  3 .6 2 D . ( # o ) , w i t h  t h a t  
o f  n i t r o b e n z e n e ,  4 . 0 ID., and o f  t h e  moments o f  d im e t h y l - m e s i d i n e , 1.03D. 
( 2 1 ) ,  and  o f  2 : 4 : 6 - t r i b r o m o - d i m e t h y l a n i l i n e , 1.02D. ( 2 ) ,  w i t h  t h a t  o f  
d im e th y  l a n i  l i n e , 1 . 58D..
The f a c t  t h a t  t h e  moments o f  t h e  two t r i - s u b s t i t u t e d  d im e th y l -  
a n i l i n e s  a r e  a lm o s t  e q u a l  and a r e  n o t  v e ry  d i f f e r e n t  f ro m  t h e  moment o f  
t r i m e t h y la m in e ,  0.86D., s u g g e s t s  t h a t  in  t h e s e  compounds t h e  m esom eric 
e f f e c t  o f  t h e  d im e th y  lam in o -g ro u p  i s  a lm o s t  e n t i r e l y  s u p p r e s s e d .  F o r  
t h e  two n i t r o -c o m p o u n d s , on th e  o th e r  h a n d ,  t h e  o b s t r u c t i n g  g roups  a r e  
m e th y l  g ro u p s  i n  b o th  c a s e s ,  so  a s i m i l a r i t y  in  th e  i n h i b i t i o n  would be 
e x p e c t e d :  h e re  t h e  o b s e rv e d  moments a r e  s t i l l  much h i g h e r  t h a n  f o r  t h e
a l i p h a t i c  an a lo g u e  so  t h a t  i t  i s  p ro b a b le  t h a t  mesomerism i s  by  no means 
c o m p le te ly  i n h i b i t e d .  This  v iew  i s - s u p p o r t e d  by t h e  o b s e r v a t i o n  t h a t  
t h e  d i p o l e  moment o f  n i t r o a m in o d u r e n e , 4.98D., exceeds  t h e  a l g e b r a i c  sum 
o f  t h e  moments o f  n i t r o d u r e n e  and am in o d u ren e ,  i n d i c a t i n g  t h a t  ev en  in  
d u re n e  compounds t h e r e  i s  some i n t e r a c t i o n  b e tw een  t h e  g ro u p s  in  
p o s i t i o n s  p a r a  t o  one a n o th e r  ( 2 1 ) .
In  o t h e r  c a s e s  w here  s t e r i c  i n h i b i t i o n  o f  mesomerism has  b e en  
i n f e r r e d  fro m  d i p o le  moment d a t a  t h e  p o s i t i o n  i s  l e s s  c l e a r  as t h e  
r e s u l t s  w i t h  s i m i l a r  g roups  o f  compounds som etim es a p p e a r  t o  be 
c o n t r a d i c t o r y .  F o r  i n s t a n c e ,  t h e  d ip o l e  moments o f  am inodurene  and
95
o f  m e s id in e ,  1.45D» ( 3 ) ,  a r e  l e s s  t h a n  th e  moment o f  a n i l i n e ,  1.53D., 
w h e rea s  th e  moment o f  2 : 4 : 6 - t r i b r o m o a n i l i n e , 1.73D. ( 2 ) ,  i s  a p p r e c i a b l y  
g r e a t e r .  I f  th e  lower v a lu e s  o f  t h e  fo rm er  compounds a r e  a t t r i b u t a b l e  
t o  s t e r i c  i n h i b i t i o n  o f  r e s o n a n c e ,  t h e  s t e r i o  e f f e c t  o f  a  m e th y l  group 
w ould  a p p e a r  t o  be g r e a t e r  t h a n  t h a t  o f  a b rom ine  a tom . On t h e  o t h e r  
h a n d ,  w i t h  th e  p h e n o l ic  g ro u p s ,  th e  moments o f  d u r e n o l ,  1.68D. ( 2 2 ) ,
2 : 4 : 6 - t r i c h l o r o p h e n o l ,  1.62D., and 2 :4 ; 6 - t r i b r o m o p h e n o l ,  1.56D. ( 2 3 ) ,  a r e  
a l l  g r e a t e r  t h a n  th e  v a lu e  f o r  p h e n o l ,  1 .45D, and n e a r e r  t o  t h e  moment 
o f  a l c o h o l ,  1.69D., i n d i c a t i n g  t h a t  t h e  m esom eric e f f e c t  i s  r e p r e s s e d  i n  
a l l  c a s e s .
From t h e  d i s c u s s i o n  o f  t h e  i n t e r a c t i o n  o f  th e  i n d u c t i v e  e f f e c t s  i n  
p r e v io u s  s e c t i o n s  i t  i s  e v id e n t  t h a t  i t  i s  r a t h e r  d an g ero u s  t o  draw 
d e f i n i t e  c o n c lu s io n s  r e g a r d i n g  th e  enhancem ent o r  i n h i b i t i o n  o f  m esom eric 
e f f e c t s  when s u b s t i t u e n t s  a r e  p r e s e n t  i n  p o s i t i o n s  m eta  o r  e s p e c i a l l y  
o r t h o  t o  one a n o t h e r .  F o r t u n a t e l y ,  how ever, t h e  p r e s e n t  w ork  t a k e n  in  
c o n j u n c t i o n  w i t h  p re v io u s  r e s u l t s  s u g g e s t s  t h a t  t h e r e  i s  a r e l a t i o n s  h ip  
be tw een  t h e  mesomeric e f f e c t  in  a ro m a t ic  amines and t h e  d i f f e r e n c e  
b e tw ee n  t h e  a p p a r e n t  d ip o le  moments in  benzene  and d io x a n .  Hence su ch  
d a t a  may be used  t o  r e i n f o r c e  argum ents r e g a r d in g  t h e  e x t e n t  o f  t h e  
m esom eric  e f f e c t  when t h e  d i r e c t  m easurem ents  on b en zen e  s o l u t i o n  le a d  
t o  amb iguous  cone lu s  i o n s .
96
S e c t io n  I I I
The E f f e c t  on th e  A pparen t Moment o f  an Amine o f  
u s in g  Dioxan as th e  S o lv e n t
I n  1934, H ig a s i  (24) o b se rv ed  t h a t  t h e  a p p a r e n t  d i p o l e  moment o f 
a n i l i n e  was 1 .6 7T. in  e t h e r  a l th o u g h  i t  was o n ly  1.53D. in  b e n z e n e .  In  
v iew  o f  t h e  p o l a r  n a tu r e  o f  t h e  e t h e r  m o lecu le  - t h i s  d id  n o t  a p p e a r  t o  
be  a b n o rm a l .  In  1941, how ever, H a l v e r s t a d t  end Kumler (25 )  found  t h a t  
t h e  moments o f  a n i l i n e  and xenylam ine in  d io x e n  s o l u t i o n  w ere 1 .90  and 
2 .0 7 D , r e s p e c t i v e l y .  A lthough  t h e  f i g u r e s  t h e y  o b t a in e d  l a t e r  (26) 
from  th e  sarr» d a t a ,  b u t  u s in g  t h e i r  method o f  e x t r a p o l a t i o n  w ere  s l i g h t l y  
lo w er  (1 .7 3  and 2.02D., r e s p e c t i v e l y )  t h e  d i f f e r e n c e s  b e tw ee n  th e  v a lu e s  
i n  t h e  two s o l v e n t s  w ere  s t i l l  f a r  g r e a t e r  t h a n  th o s e  u s u a l l y  a s s o c i a t e d  
w i t h  a s o l v e n t  e f f e c t .  P o in t in g  o u t  t h a t  Kumler and P o r t e r  ( s )  had 
o b s e rv e d  t h e  moment o f  £ - n i t r o a n i l i n e  in  d io x a n  t o  be  6 . 6 8 D., w hereas  
Le F e v re  and Le F e v re  ( 6 ) had found t h e  v a lu e  i n  b enzene  s o l u t i o n  t o  be  
6.32D., H a l v e r s t a d t  and Kumler commented t h a t  t h e s e  w ere  i n t e r e s t i n g  
a b n o r m a l i t i e s ,  b u t  t h e y  o f f e r e d  no e x p l a n a t i o n .
In  t h e  meantime W a s s i l ie w  and S y r k in  (9 )  had shown t h a t  t h e  a p p a r e n t  
d i p o l e  moments o f  a n i l i n e .  £ - n i t r o a n i l i n e  and ^ - n a p h t h y lam ine  w ere a l l  
h i g h e r  in  d io x a n  t h a n  i n  benzene  s o l u t i o n .  They a t t r i b u t e d  t h i s  t o  
h y d ro g e n -b o n d in g  b e tw ee n  th e  am ino -hydrogen  atoms and t h e  oxygen atoms 
o f  t h e  d io x a n  m o le c u le s .  A n z i o l o t t i  and C u rra n  (27) and C u r ra n  (28) 
a l s o  e x p l a i n e d  t h e  f a c t  t h a t  t h e  a p p a r e n t  moments o f  c e r t a i n  p h en o ls  a r e  
h i g h e r  i n  d io x a n  t h a n  i n  b enzene  i n  a s i m i l a r  m anner.
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S in c e  Few and Sm ith  ( l )  found t h a t  th e  moment o f  me t h y  l a n i  l i n e  i s  
a l s o  a p p r e c i a b l y  g r e a t e r  i n  d io x a n  th a n  i n  ben zen e  w hereas  t h e r e  i s  o n ly  
a  s m a l l  d i f f e r e n c e  be tw een  th e  v a lu e s  f o r  d i m e t h y l a n i l i n e  in  t h e  two 
s o l v e n t s ,  t h e r e  i s  l i t t l e  doubt t h a t  t h i s  i n t e r p r e t a t i o n  i s  c o r r e c t .  
D ioxan  i t s e l f  i s  p r o b a b ly  a n o n - p o la r  m o lecu le  5 t h e  d i f f e r e n c e  b e tw een  
i t s  m o le c u la r  p o l a r i s a t i o n  (26 .06  c . c . )  and m o le c u la r  r e f r a c t i o n  
(2 1 .7 0  c . c . )  a r i s i n g  from  a r a t h e r  h ig h  atom  ( v i b r a t i o n )  p o l a r i s a t i o n  
a s s o c i a t e d  w i t h  t h e  p re s e n c e  of th e  two opposed h i g h l y  p o l a r  e t h e r  
g r o u p i n g s .  Hence t h e  mere f a c t  t h a t  an  amine m o le c u le  and a d io x a n  
m o le c u le  come t o g e t h e r  i s  n o t  s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  o b se rv ed  
in c r e a s e  o f  p o l a r i s a t i o n ,  as th e  d i p o l e  moment o f  t h e  com plex  would t h e n  
be  t h e  same as t h a t  o f  th e  amine m o lecu le  i t s e l f ,  and i t s  m o le c u la r  
p o l a r i s a t i o n  t h e  sum o f  t h e  m o le c u la r  p o l a r i s a t i o n s  o f  t h e  amine and 
d io x a n .  I t  must be i n f e r r e d , t h e r e f o r e ,  t h a t  t h e r e  i s  a d i s p la c e m e n t  
o f  c h a rg e  a s s o c i a t e d  w i t h  t h e  complex f o r m a t i o n .  T h is  w ould  be e x p e c te d  
t o  in v o lv e  d is p la c e m e n t  o f  e l e c t r o n  d e n s i t y  from  t h e  oxygen atom o f  a 
d io x a n  m o le c u le  to w ard s  t h e  hydrogen atom t o  w hich  i t  i s  b r id g e -b o n d e d  
and hence  e f f e c t i v e l y  add a component t o  th e  moment a lo n g  t h e  H-N bond 
a x i s  ;
^ C H — C H ^
. N - H v — O
T here  i s  some e v id e n c e ,  how ever, w h ich  s u g g e s t s  t h a t  t h i s  d i r e c t  component 
i s  s m a l l .  In  t h e  f i r s t  p l a c e ,  t h e  r e s u l t s  o b ta in e d  w i t h  s o l u t i o n s  
c o n t a i n i n g  n - b u t y l  a l c o h o l  and p y r i d i n e ,  in  w h ich  s y s te m  s i m i l a r  h y d ro g en
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bond f o r m a t io n  o c c u r s ,  i n d i c a t e  t h a t  t h e  e f f e c t i v e  d i p o l e  monent o f  t h e  
com plex  i s  a lm o s t  e q u a l  t o  t h e ,  v e c t o r  sum o f  t h e  moments o f  t h e  a l c o h o l  
and p y r i d i n e  m o lecu les  (29) w h i l s t  t h a t  o f  t h e  com plex b e tw een  n - b u t y l  
a l c o h o l  and t r i e  t h y  la m in e , w h ich  i s  form ed even  more r e a d i l y ,  i s  o n ly  
s l i g h t l y  above th e  v a lu e  o f  th e  c o r r e s p o n d in g  v e c t o r  sum (30)* These 
r e s u l t s  r e f e r  t o  th e  a c t u a l  moments o f  t h e  com plexes and n o t  t o  t h e  mean 
s q u a r e  moment o f  th e  m o lecu les  p r e s e n t ,  some o f  w h ich  a re  com plex , as in  
t h e  m easurem ents  on am in es ,  so i t  seems u n l i k e l y  t h a t  t h e  whole e f f e c t  
o b s e r v e d  w i th  t h e  l a t t e r  a r i s e s  s im p ly  fro m  e l e c t r o n  d i s p la c e m e n ts  i n
th e  N-H 0 sy s te m . S eco n d ly ,  i t  was found  by  Few and Sm ith  (2 )  t h a t
t h e  a p p a r e n t  moments o f  n -  and t e r t . - b u t  y  lam ines  w ere  a lm o s t  t h e  same in  
d io x a n  as in  b e n z e n e .  T h is  may mean t h a t  t h e r e  i s  no h y d ro g e n -b o n d in g  
b e tw e e n  t h e s e  m o lecu les  and d io x a n  b u t  i t  seems s a f e r  t o  i n t e r p r e t  i t  
as i n d i c a t i n g  t h a t  any hydrogen  bonding  w h ic h  o c c u rs  does n o t  g iv e  r i s e  
t o  an  i n c r e a s e  i n  d i e l e c t r i c  p o l a r i s a t i o n .
I t  seems l o g i c a l  t o  su p p o se ,  t h e r e f o r e ,  t h a t  t h e  main i n c r e a s e  i n  
a p p a r e n t  p o l a r i s a t i o n  a r i s e s  th ro u g h  s e c o n d a ry  e l e c t r o n  d i s p la c e m e n ts  in  
t h e  amine m o le c u le ,  w h ich  can occu r  r e a d i l y  w i th  a n i l i n e  b u t  l e s s  r e a d i l y  
w i t h  a l i p h a t i c  am in e s ,  th ro u g h  t h e  m esom eric m echanism. T his  v iew  
r e c e i v e d  c o n s id e r a b le  s u p p o r t  from  t h e  o b s e r v a t i o n  (3 )  t h a t  w h i l s t  f o r  
a n i l i n e  and 2 : 4 :6 - t r i b r o m o a n i l i n e ,  in  w h ich  t h e r e  seemed t o  be no s t e r i c  
i n h i b i t i o n  o f  mesomerism, th e  d i f f e r e n c e s  be tw een  t h e  a p p a r e n t  moments 
i n  benzene  and in  d io x a n  ( A p )  a re  0 .2 4  and 0 .2 7 D . ,  r e s p e c t i v e l y ,  A p  i s  
o n ly  0 . 1 2 D. f o r  b o th  n e s id i n e  and am inodurene , w here  t h e r e  a p p e a r s  t o  be 
s u c h  i n h i b i t i o n .  A ls o ,  i s  0 .18D . f o r  m e t h y l a n i l i n e  b u t  f o r  m e th y l-
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m esid in © , where th e  ntôsomeric e f f e c t  w ould  be e x p e c te d  t o  be a lm o s t  
c o m p le te ly  r e p r e s s e d ,  A p  i s  o n ly  0-04D., w h ich  i s  a lm o s t  t h e  same as i t  
i s  f o r  d im e th y  l a n i l i n e  where t h i s  ty p e  o f  h y d ro g e n -b o n d in g  i s  im p o s s i b l e .  
F u r t h e r ,  f o r  p - n i t r o  a n i l i n e , in  w h ich  th e  mesom eric e f f e c t  i s  much 
g r e a t e r  th a n  in  a n i l i n e  i t s e l f  A p  had b e en  found t o  b e  v e ry  much 
g r e a t e r  s t i l l  a n d , h e n c e ,  t h e r e  ap p ea rs  t o  be a co m p le te  p a r a l l e l i s m  
b e tw ee n  t h e  A p  v a lu e s  and th e  p o s s i b i l i t y  o f  m esom eric e l e c t r o n  
d i s p la c e m e n t  i n  t h e  amine m o le c u le .
The m agn itudes  o f  t h e  observed  A p  v a lu e s  a r e  e v i d e n t l y  d e p en d e n t  
on tw o  f a c t o r s  :
( a )  t h e  e x t e n t  o f  a s s o c i a t i o n  com plex f o r m a t i o n ,  and
(b ) t h e  i n c r e a s e  i n  t h e  d i p o l e  moment o f  t h e  m o lecu le
accom panying such  a s s o c i a t i o n .
T here  i s ,  how ever, good r e a s o n  t o  b e l i e v e  t h a t  t h e s e  two f a c t o r s  w i l l  
show p a r a l l e l  c h an g e s ,  s i n c e  w i th d ra w a l  o f  e l e c t r o n  d e n s i t y  to w a rd s  t h e  
a r o m a t i c  r i n g  is  l i k e l y  t o  te n d  to  s t a b i l i s e  t h e  h y d ro g en  bond t o  t h e  
d io x a n  m o le c u le .  From s t u d i e s  o f  v a r io u s  system s i n  w h ich  h y d ro g e n -  
b o n d in g  can o c c u r ,  H u l e t t ,  Pegg and S u t t o n  (31) have o b se rv e d  a  f a i r l y  
l i n e a r  r e l a t i o n s h i p  betw een  K, t h e  a s s o c i a t i o n  c o n s t a n t ,  and t h e  i n c r e a s e  
i n  t h e  moment above t h a t  e x p ec te d  from  v e c t o r  a d d i t i v i t y .  H ence , f o r  
t h e  amines i t  seems f a i r l y  c e r t a i n  t h a t  an  in c r e a s e d  A p  v a lu e  i n d i c a t e s  
b o t h  an  in c r e a s e d  te n d e n c y  f o r  hydrogen -bond  com plex f o r m a t io n  and an  
i n c r e a s e d  e l e c t r o n i c  d is p la c e m e n t  i n  t h e  m o le c u le s  r e s u l t i n g  from  s u c h  
b o n d in g .
One o f  t h e  o b j e c t s  o f  th e  p r e s e n t  work was t o  i n v e s t i g a t e  t h e  
v a l i d i t y  o f  t h i s  view* en d , i f  i t  p roved  t o  be j u s t i f i e d ,  t o  u t i l i s e  t h e
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A p  v a lu e s  i n  i n t e r p r e t i n g  d ip o le  moment d a t e  i n  te rm s  o f  i n d u c t i v e  and 
m esom eric  d i s p la c e m e n ts .  In  p a r t i c u l a r  i t  was i n te n d e d  t o  use  t h e s e  
v a lu e s  i n  c h ec k in g  c o n c lu s io n s  w h ich  w ere drawn from  c o n s i d e r a t i o n  o f  
t h e  r e s u l t s  o b ta in e d  f o r  benzene  s o l u t i o n s .
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S e c t io n  IV
C a l c u l a t i o n  of 'Mesorneri c * Moments
The case  o f  t h e  v e c t o r  a n a l y s i s  o f  s u b s t i t u t e d  a n i l i n e s  i s  
c o m p l ic a te d  by t h e  f a c t  t h a t  th e  am ino-g roup  i s  n o t  c o p la n a r  w i t h  t h e  
b en zen e  r i n g .  I t  i s  n e c e s s a r y  t o  make some a s su m p tio n  a b o u t  t h e  
d i r e c t i o n  o f  t h e  e f f e c t i v e  moment v e c t o r  i n  a n i l i n e  b e f o r e  a  v e c t o r  
a n a l y s i s  o f  t h e  o b se rv e d  v a lu e s  o f  t h e  moments o f  t h e s e  compounds may 
be  a t t e m p t e d .  M arsden and S u t to n  (32) c a l c u l a t e d  t h i s  a n g le  u s in g  a 
number o f  compounds b u t  o b ta in e d  v e ry  v a r i e d  r e s u l t s .
The two methods t h a t  seem t o  g ive  t h e  most s a t i s f a c t o r y  r e s u l t s  w i l l  
be g iv e n  h e r e .
The a n g le  o f  i n c l i n a t i o n  o f  t h e  a n i l i n e  d i p o l e  t o  t h e  p la n e  o f  t h e  
b en zen e  r i n g  may be  c a l c u l a t e d  from  a  co m p ar iso n  o f  t h e  moments o f  
£ -p h e n y le n e - d ia m in e  and a n i l i n e .  In  t h i s  c a se  i t  i s  n e c e s s a r y  t o  make 
two a s s u m p t io n s ;  (a )  t h a t  t h e  e f f e c t i v e  moments o f  t h e  amine a re  e q u a l  
i n  t h e  two compounds, and (b) t h a t  b o th  am ino -g roups  i n  p - p h e n y l e n e -  
d iam in e  undergo  f r e e  and in d e p en d e n t  r o t a t i o n .
I f  t h e  f i r s t  c o n d i t i o n  h o l d s ,  t h e  i n s t a n t a n e o u s  v a lu e  o f  t h e  moment 
o f  a p -p h e n y le n e -d ia m in e  m o lecu le  sh o u ld  be g iv e n  by 
P  -  2 p ^ s in  6 c o s  ( j> /Z
where 0 is  the angle of in c lin a tio n  to  the C-N bond of the moment vector  
in  a n il in e , (j) i s  the angle between the planes containing the N-C bonds
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and th e  exes o f  th e  moments and i s  t h e  d ip o l e  moment o f  a r i l i n e .
The q u a n t i t y  a c t u a l l y  d e te rm in e d  i n  making d i p o l e  moment 
m easurem ents  i s  w h ich  depends on t h e  mean v a lu e  o f  p ^ .  H ence , i f  
t h e r e  i s  no p r e f e r r e d  o r i e n t a t i o n  end a l l  v a lu e s  o f  (6 b e tw een  0 and t t  
a r e  e q u a l l y  p r o b a b le ,  th e  o b se rv ed  moment s h o u ld  be t h e  r o o t  mean s q u a r e  
v a lu e  o f  t h e  moments f o r  a l l  v a lu e s  o f  (j>  i . e .  i t  s h o u ld  be  g iv e n  b y :
I r) ^  -  ^ - J  o o s ( ^ / z ) . d C f >
-  2 p / a i n ^ 9
P  -  ;^ ^ s in  0
T ig a n ik  (4 )  found  t h a t  t h e  moment o f  p -p h e n y le n e - d ia m in e  i n  ben zen e  
was 1.56D. w hereas  t h a t  o f  a n i l i n e  was 1.52D . S u b s t i t u t i o n  o f  t h e s e  
f i g u r e s  i n  t h e  e q u a t i o n  g iv e s
3  i n  0  =  ^"56
J z  X 1 .53
and hence j  0  =  42.5® o r  137.5®
The seco n d  m e th o d .o f  d e r i v i n g  t h i s  a n g le  in v o lv e s  a  co m p ar iso n  o f  
t h e  moments o f  a n i l i n e  and £ - t o l u i d i n e . The e v id e n c e  o f  t h e  r e l a t i v e  
v a lu e s  o f  t h e  moments o f  £ - n i t r o t o l u e n e  and n i t r o b e n z e n e  and o f  
p - c h l o r o t o l u e n e  and c h lo ro b e n ze n e  i n d i c a t e s  t h a t  t h e  m esom eric e f f e c t s  
o f  t h e  n i t r o - g r o u p  and t h e  c h l o r i n e  atom a re  n o t  a p p r e c i a b l y  e f f e c t e d  
b y  i n t r o d u c i n g  a m e th y l  g roup i n  t h e  p a ra  p o s i t i o n .
T h e r e f o r e ,  t h e  e f f e c t i v e  moment in  t h e  am ino -g roup  i s  assumed t o  
be  t h e  same i n  p - t o l u i d i n e  as in  a n i l i n e .  I f  t h i s  i s  t r u e  t h e  fo l lo w in g  
r e l a t i o n s h i p  s h o u ld  h o ld :
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+ Mt f t  0
w here  and a r e  th e  d ip o le  moments o f  to lu e n e  and p - t o l u i d i n e ,
r e s p e c t i v e l y .
U sing  T i g a n i k ’s va lue  o f  1.31D, f o r  th e  moment o f  p - t o l u i d i n e ,
1 .3 1  =5 1 .52  + 0 .3 9  ® 2 X 1 .52  x  0 .3 9  x cos 6 
O O S 0  = 0 .6 5 0 1  
and 8  = 4 9 .5 °
The ag reem ent be tw een  th e  v a lu e s  o b ta in e d  by t h e s e  two m ethods i s  
n o t  p e r f e c t  b u t  i s  q u i t e  r e a s o n a b le  when th e  a ssu m p tio n s  in v o lv e d  a re  
c o n s i d e r e d ,  e s p e c i a l l y  as t h e  moment o f  t h e  m e th y l  g ro u p  i s  so  s m a l l .
In  d e te r m in in g  th e  a n g le  on w hich  th e  c a l c u l a t i o n  o f  t h e  t h e o r e t i c a l  
moments o f  t h e  amines s h o u ld  be b a s e d ,  more w e ig h t  was g iv e n  t o  t h e  v a lu e  
o b ta in e d  from  £ - t o l u i d i n e  as th e  assu m p tio n s  in v o lv e d  h e re  seemed l e s s  
s e r i o u s .  Thus, f o r  t h e  p u rp o se  o f  t h i s  i n v e s t i g a t i o n ,  i t  has b een  
assumed t h a t  t h e  a n i l i n e  d i p o le  is  i n c l i n e d  t o  th e  p la n e  o f  t h e  benzene  
r i n g  a t  an  an g le  o f  48®.
C a l c u l a t i o n  o f  " T h e o r e t i c a l "  Moments 
p a r a  and 3 ; 5 r P i s u b s t i t u t e d  A n i l in e s
The moments o f  t h e  s u b s t i t u e n t s  a re  d i r e c t e d  a lo n g  th e  C-N bond 
a x i s  w h i l s t  th e  p r im a ry  a n i l i n e  moment is  d i r e c t e d  a t  an  a n g le  o f  48® t o  
t h i s  b o nd . The t h e o r e t i c a l  r e s u l t a n t  moment o f  t h e  £ -  o r  3 : 5 : d i -  
s u b s t i t u t e d  a n i l i n e  is  g iv e n  b y :
=  Pg 4- -I- 2p^>i,^oo8 48°
w here i s  th e  d ip o le  moment o f  t h e  s u b s t i t u t e d  b e n z e n e .
The moments o f  t h e  3 : 5 - d i s u b s t i t u t e d  a n i l i n e s  may a l s o  be 
c a l c u l a t e d  from  t h i s  e q u a t i o n  r e p l a c i n g  t h e  moment o f  t h e  m o n o - s u b s t i tu t e d
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ben zen e  by t h a t  of t h e  m eta- d j s u b s t i t u t e d  b e n z e n e .  In  t h e  c a se s  o f  
n i t r o -  and b ro m o - a n i l in e s  th e  l a t t e r  method g iv e s  s l i g h t l y  low er v a lu e s  
t h a n  t h e  fo rm e r .
m e ta -  and 2 ; 4 -D isubs t i t  u ted  A n i l in e s
The moments o f  th e  s u b s t i t u e n t s  a re  d i r e c t e d  a t  60® t o  t h e  C-N bond
a x is  w h i l s t  th e  p r im a ry  a n i l i n e  moment makes an  a n g le  o f  48® w i t h  t h i s
bond b u t  i s  n o t  n e c e s s a r i l y  c o p la n a r  w i th  i t .
Assuming f r e e  r o t a t i o n  o f  t h e  a m in o -g ro u p , t h e  component o f t h e  
moment a lo n g  th e  C-N bon d , p ^ ,  is  g iv e n  b y :
Px = +. Pm
and p y  = s i n ’’48°+ 2 ,^3  p^p^^sin 48°oos
w here  py  i s  t h e  component o f  th e  moment a t  r i g h t  a n g le s  t o  t h e  C-N bond .
T h e r e f o r e  t h e  mean v a lu e  o f t h i s  moment i s  g iv e n  b y :
Hy = + Pft s i n ' ‘4 8 ° P^ P^s i n  48° cos
= IP s  + s i n ‘ 48°
p  = Px + Py
= P s  + Pft + PsPft°°3 ^8°
The t h e o r e t i c a l  moments o f  th e  2 : 4 - 'd i s u b s t i t u t e d  b e n ze n e s  may be 
c a l c u l a t e d  from  t h i s  e q u a t i o n  by  s u b s t i t u t i o n  o f  t h e  moments o f  e i t h e r  
t h e  mono- o r  m e ta -d i s u b s t i t u t e d  b e n z e n e s .
The moments o f  t h e  m o n o m e th y la n i l in e s  may be e v a l u a t e d  i n  a  s i m i l a r  
manner b u t ,  in  t h i s  c a s e ,  i t  i s  assumed t h a t  t h e  a n g le  o f  i n c l i n a t i o n
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o f  t h e  m e th y la n i l i n e  d ip o le  t o  t h e  p la n e  o f  t h e  benzene  r i n g  i s  38'g®.
The t h e o r e t i c a l  and o b served  d ip o le  moments o f  t h e  s u b s t i t u t e d  
a n i l i n e s  a r e  summarised in  T able  V# In  t h e s e  c a l c u l a t i o n s  th e  f o l lo w in g  
moments have been  u s e d :
A n i l in e  1 , 63D. M e th y l a n i l i n e  1.68D.
N itro b e n z e n e  4 . DID. m-Di n i t r o b e n z e n e  3.83D.
Bromobenzene 1.56D. m-Dibromo benzene  1.49D.
C a l c u l a t i o n  o f  t h e  'Mesomeric* Moments
F o r  p a ra  and 3 : 5 - d i s u b s t i t u t e d  a n i l i n e s  t h e  r e s u l t a n t  moment 
( o b s e r v e d )  i s  g iv e n  b y :
w here  u i s  t h e  mesom eric moment.
“  A
S i m i l a r l y ,  t h e  m esom eric moments o f m e ta -  and 2 : 4 - d i s u b s t i t u t e d  
d e r i v a t i v e s  may be e v a lu a t e d  from th e  e q u a t i o n :
p" = (Pj+-P„)" + P« + P /P s + Pr,) 8^°
TABLE V
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C ompound p  (o b se rv e d ) p  ( c a l c u l a t e d ) p (m esom eric)









2 : 4 : 6 - T r i n i t r o a n i l i n e 2 .9 0 1.53 1 .4 4
m - N i t r o a n i l i n e 4 .9 1 4 .7 5 0 .1 7
3 ; 5-D i n i t r o a n i l i  ne 5 .4 7 5 .16 4 .9 9 0 .3 2 0 .5 0
£ - N i t r o a n i l i n e 6 .2 2 5 .16 • 1 .0 8  *
2 :4 -D ib ro m o a n i l in e 2 .6 7 2 .5 3 2 .4 7 0 .1 7 5 0 .2 5
2 :4 :6 - T r ib r o m o a n i l in e 1.73 1 .53 0 .2 8
m -B rom oan iline 2 .68 2 .5 3 0 .1 9
3 : 5 -D ib ro m o a n i l in e 3 .05 2 .8 3 2 .7 6 0 .2 5 0 .3 2
£-B  r  omoan i l i n e 3 .01 2 .8 3 0 .2 0
2 : 4 - D i n i t r o m e t h y l a n i l i n e 6 .33 4 .9 1 4 .7 5 1 .5 3 1 .7 1
£ - N i t  rom ethy  l a n i l i n e 6 .8 4 5 .4 1 1 .4 4
2 -M e th y l-  4 - n i t r o a n i l i n e 6 .42 5 .36 1 .10
Column (a )  in  b o th  c a s e s  g iv e s  th e  moments c a l c u l a t e d  from  t h e  mono­
s u b s t i t u t e d  b en zen es  and column (b) th o s e  c a l c u l a t e d  from  t h e  
d i s u b s t i t u t e d  b e n z e n e s .
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S e c t io n  V
The R e l a t i o n s h i p  betw een  th e  "D ioxan In c re m e n t" 
and th e  Mesomeric Moment
The b e s t  t e s t  o f  t h e  h y p o th e s i s  t h a t  t h e  d i f f e r e n c e , A p ,  b e tw een  
t h e  a p p a r e n t  moments o f  an amine in  d io x a n  and in  b en zen e  i s  r e l a t e d  t o  
t h e  m esom eric moment o f  t h e  amine in v o lv e s  c o m p ar iso n  o f  t h e  d a t a , f r o m  
t h i s  w ork  and e l s e w h e r e ^ f o r  compounds i n  w h ich  th e  minimum o f  
c o m p l ic a t i o n s  a r e  l i k e l y  t o  a r i s e .  I t  has b een  p o in t e d  o u t  t h a t  f o r  
compounds su ch  as p - c h l o r o t o l u e n e ,  w here t h e r e  a p p e a rs  t o  be  no 
a p p r e c i a b l e  change in  th e  mesomeric e f f e c t  o f  e i t h e r  s u b s t i t u e n t  as  a 
r e s u l t  o f  t h e  p re s e n c e  o f  t h e  o t h e r ,  t h e  moments can  be c a l c u l a t e d  
f a i r l y  a c c u r a t e l y  by v e c t o r ,^ a d d i t io n  o f  t h e  g roup  moments. T h e r e f o r e ,  
i t  i s  r e a s o n a b l e  t o  i n t e r p r e t  th e  d i f f e r e n c e  be tw een  t h e  o b s e rv e d  and 




R e f . Pb pd P fclc. Pwt. A p
A n i l i n e (3) 1 .53 1 .7 7 1 .53 0 .0 0 0 .2 4
£ -C h  lo r o  an  i l i n e (2) 3 .0 1 3 .3 9 2 .8 5 0 .1 8 0 .3 8
£ - B r o m o a n i l in e (*) 3 .0 1 3 .3 6 2 .8 3 0 .2 0 0 .3 5
p - N i t r o a n i l i n e (*) 6 .2 2 6 .8 2 5 .16 1 .0 8 0 .6 0
£ - A m in o b e n z o n i t r i le (33) 5 .96 6 .4 6 5 .1 8 0 .8 0 0 .5 0
p -X eny lam ine (26) 1 .7 4 2 .0 2 1 .5 3 0 .2 9 0 .2 8
- N apht hy 1 amine (9) 1 .77 2 .1 0 1.53 0 .3 3 0 .3 3
Am inodurene (3) 1 .45 1 .5 7 1 .53 -0 .1 2 0 .1 2
M es id in e (3) 1.45 1 .57 1 .53 -0 .1 2 0 .1 2
n -B u t  y  lam ine (3) 1 .3 4 1.33 — — —0 .0 1
2 - M e t h y l - 4 - n i t r o a n i l i n e (*) 6 .4 2 7 .0 0 5 .3 6 1 .1 0 0 .5 8
M e th y l a n i l i n e (3) 1 .68 1.86 1 .6 8 0 .0 0 0 .1 8
£ - N i t r o m e t h y l a n i l i n e (*) 6 .8 4 7 .12 5 .4 1 1 .4 4 0 .2 8
Me t  hy Irae s i  d i  ne (3 ) 1.22 1.26 1 .6 8 - 0 .4 6 0 .0 4
3C T his  w ork
The r e l e v a n t  f i g u r e s  f o r  £ - s u b s t i t u t e d  a n i l i n e s  a r e  c o l l e c t e d  i n  
t h e  f i r s t  p a r t  o f  T ab le  V I ,  where P i n t ,  i n d i c a t e s  t h e  a d d i t i o n a l  moment 
above t h e  v a lu e  c a l c u l a t e d  from th e  moments o f  a n i l i n e  and t h e  
a p p r o p r i a t e  m o n o - s u b s t i t u t e d  b e n z e n e .  The a d d i t i o n a l  moment i s  
assum ed t o  a c t  a lo n g  t h e  a x i s  o f  th e  d ip o l e  o f  t h e  l a t t e r .  T h is  i n t e r ­
a c t i o n  moment w i l l  a c t u a l l y  in c lu d e  any in c r e a s e d  mesomeric moments o f
G-7
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t h e  a m in o - , n i t r o -  o r  c y an o -  g ro u p s ,  any d e c r e a s e d  m esom eric e f f e c t s  o f  
t h e  h a lo g e n  atoms and any m o d i f i c a t i o n s  in  t h e  i n d u c t i v e  e f f e c t s  due 
t o  t h e  s im u l ta n e o u s  p re se n c e  o f  t h e  tw o  s u b s t i t u e n t s *  In  F ig u r e  7 ,
A p  i s  p l o t t e d  a g a i n s t  P i n t . ‘ The p o i n t s  r e l a t i n g  t o  p - s u b s t i t u t e d  
a n i l i n e s  a r e  i n d i c a t e d  by c i r c l e s .
A number o f  amines w hich  have h y d ro c a rb o n  s u b s t i t u e n t s  i n  p o s i t i o n s  
o r t h o  o r  m eta  t o  t h e  am ino-group a re  a l s o  in c lu d e d  i n  T ab le  VI i n  o r d e r  
t o  e x te n d  th e  s e r i e s  o f  compounds w hich  may be r e g a r d e d  a s  b e in g  f r e e  
f ro m  s t r o n g  i n t e r - g r o u p  in d u c t iv e  e f f e c t s .  The p o i n t s  r e l a t i n g  t o  
t h e s e  compounds a r e  d e n o te d  by c r o s s e s  i n  F ig u r e  7. Aminodurene and 
m e s id in e  a r e  in c lu d e d  in  t h i s  g roup . The i n t e r a c t i o n  moments a r e  
n e g a t i v e  i n  t h e s e  c a s e s ,  t h a t  i s ,  t h e  t o t a l  m esom eric e f f e c t  o f  t h e  
am in o -g ro u p  i s  l e s s  t h a n  in  a n i l i n e .  The moment o f  n - b u t  y lam ine  has 
b e e n  i n t e r p r e t e d  as  b e in g  e q u a l  t o  t h e  v e c t o r  d i f f e r e n c e  b e tw een  th e  
moment o f  a n i l i n e  and t h e  mesomeric moment o f  t h e  l a t t e r .  By s i m i l a r  
v e c t o r  a n a l y s i s  t o  t h a t  u s e d  i n  t h e  o th e r  c a l c u l a t i o n s  t h i s  m esom eric  
moment amounts t o  0 .32D . This  i s  e x a c t l y  t h e  v a lu e  o f  t h e  m esom eric  
moment d ed u ced  by S u t t o n  i n  h i s  o r i g i n a l  c a l c u l a t i o n s ,  b u t  t h e  e x a c t  
c o in c i d e n c e  i s  f o r t u i t o u s  as t h e y  a re  b a se d  on q u i t e  d i f f e r e n t  d a t a .
In  o r d e r  t o  in c lu d e  such  compounds i t  m igh t have b e en  more l o g i c a l  
t o  p l o t  t h e  t o t a l  m esom eric moment ( i n t e r a c t i o n  moment + 0 .3 2 D .)  b u t  
t h e  moments o f  a l l  t h e  compounds s t u d i e d  i n  t h i s  w ork have b een  a n a ly s e d  
w i t h  r e s p e c t  t o  a n i l i n e  s i n c e ,  i n  s p i t e  o f  t h e  c o in c id e n c e  o f  v a l u e s ,  
t h e  a c t u a l  mesom eric moment o f  a n i l i n e  i s  t h e  most u n c e r t a i n  o f  a l l  t h e  
q u a n t i t i e s  c o n s id e r e d .  In d e e d ,  a l th o u g h  th e  p o i n t  f o r  n -b u ty la m in e
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l i e s  on t h e  same cu rve  as th e  o t h e r  p o in t s  shown on F ig u r e  7 , t h e  t r u e  
v a lu e  o f  t h i s  i s  open  t o  q u e s t i o n  as  i t  i n d i c a t e s  t h a t  t h e  d i p o l e  a x i s  
in  t h i s  compound i s  in c l in e d  a t  58^ t o  th e  a x i s  o f  t h e  C-ÎÎ bon d . T h is  
a p p e a r s ,  on g e n e r a l  g ro u n d s ,  t o  be t o o  s m a l l  an  a n g l e ,  w h i l s t  t h e  
a l t e r n a t i v e  v a lu e  o f  122®, w h ich  would mean a "m esom eric  moment" o f  
1 .73D . in  a n i l i n e ,  seems to o  g r e a t  as t h e  i n c l i n a t i o n  o f  t h e  d ip o le  
a x i s  t o  t h e  C b o n d  would be e x p e c te d  t o  be l e s s  t h a n  t h e  t e t r a h e d r a l  
a n g l e .  T h is  anomaly may a r i s e  from  t h e  t a c i t  a s s u m p t io n  t h a t  t h e  surn 
o f  t h e  H-N bond moments and th e  l o n e - p a i r  moments re m a in s  t h e  same i n  
a n i l i n e  as in  t h e  b u ty la m in e s .  Such an a s s u m p t io n  i s  f a r  l e s s  s e r i o u s  
when com paring  s u b s t i t u t e d  a n i l i n e s  w i t h  a n i l i n e ,  as t h e  changes a r e  
l i k e l y  t o  be much s m a l l e r .
E ven  ig n o r i n g  t h e  b u t  y  lam ine p o in t  t h e  v a r i a t i o n  o f  A p  w i t h  p ^ ^ ^  
i s  v e r y  s t r i k i n g  and a sm ooth cu rve  can be drawn th r o u g h  th e  p o i n t s .
A s i m i l a r  r e l a t i o n s h i p  a p p ea rs  t o  e x i s t  be tw een  A p  and P i ^ t .  t h e  
c o r r e s p o n d i n g  s u b s t i t u t e d  met h y l a n i l i n e s  b u t  h e re  t h e  a v a i l a b l e  d a t a  
a r e  much more s c a n t y .  A ls o ,  th e  A p  v a lu e s  a r e  much s m a l l e r  th a n  f o r  
t h e  a n i l i n e  d e r i v a t i v e s .  This i s  t o  be e x p e c te d  as t h e r e  i s  o n ly  one 
h y d ro g en  atom  a v a i l a b l e  f o r  bond ing  t o  t h e  d io x a n  m o le c u le .
I l l
S e c t io n  VI
C o r r e l a t i o n  w i t h  D i s s o c i a t i o n  C o n s ta n t  D a ta
A n  im p o r ta n t  consequence  o f  t h e  in d u c t iv e  and m esom eric e f f e c t s  
i n  t h e  a r o m a t ic  r i n g  i s  t h e i r  i n f l u e n c e  on t h e  a c i d  o r  b a se  s t r e n g t h s  
o f  t h e  s u b s t i t u e n t  g r o u p s .  These a r e  c o n v e n ie n t ly  e x p r e s s e d  i n  pKg^  
v a lu e s  (pKg^  = -  log  Kg^). Thus p h e n o l  (pKg^=;9.95) i s  a  much s t r o n g e r  
a c i d  t h a n  c y c lo h e x a n o l  ( p K ^ = l 8 ) .  T h is  may be  e x p l a i n e d  th r o u g h  t h e  
c i r c u m s ta n c e  t h a t  in  t h e  p h e n o l  ion  b o th  t h e  in d u c t iv e  e f f e c t  o f  t h e  
P» s 4 t 4ve charge  on th e  oxygen atom and t h e  mesomeric e f f e c t  i n t o  t h e  
r i n g ,  w h ich  a r i s e s  from  t h e  p re s e n c e  o f  u n s h a re d  e l e c t r o n  p a i r s  on t h e  
oxygen a tom , t e n d  t o  d e c r e a s e  th e  e f f e c t i v e  ch a rg e  a t  t h e  oxygen atom . 
Hence t h e r e  i s  a  te n d e n c y  f o r  th e  b a s i c  c h a r a c t e r  o f  t h e  p h e n o l  io n  t o  
be d e c r e a s e d .  A s i m i l a r  m esom eric e f f e c t  w i l l  o c c u r  i n  t h e  p h e n o l  
m o le c u le .  T h is  w i l l  d e c r e a s e  t h e  a t t r a c t i o n  o f  t h e  oxygen atom  f o r  
t h e  p r o to n  o f  t h e  0-H g ro u p .  In c y c lo h e x a n o l ,  on t h e  o t h e r  h a n d ,  
t h e r e  i s  no m esom eric e f f e c t  and i n  i t s  io n  t h e r e  i s  o n ly  t h e  ’c l a s s i c a l ’ 
i n d u c t i v e  e f f e c t  s in c e  i t  la c k s  t h e  im p o r ta n t  c o n t r i b u t i o n  o f  n on -  
c l a s s i c a l  e f f e c t s  w h ich  a r i s e  t h r o u g h  p o l a r i s a t i o n  o f  t h e  i r - e l e c t r o n s  
o f  t h e  benzene  r i n g .  H ence, i n  th e  p re s e n c e  o f  t h e  p r o to n  a c c e p t o r s  
t h e r e  w i l l  be much l e s s  te n d e n c y  f o r  r e l e a s e  o f  t h e  p r o to n  by  e y e l o -  
h e x a n o i  t h a n  by p h e n o l .
The f a c t  t h a t  t h e  r e l a t i v e  d i f f e r e n c e  be tw een  t h e  pK^ v a lu e s  o f  
cy c lo h e x a n e  c a r b o x y l i c  a c id  (4 .9 0 )  and b e n z o ic  a c id  ( 4 .2 0 )  i s  much l e s s
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t h a n  t h a t  r e f e r r e d  t o  above i n d i c a t e s  t h a t  b o th  i n d u c t iv e  and m esom eric  
e f f e c t s  a r e  o f  im p o r ta n c e .  In  th e  b e n z o a te  ion  th e  i n d u c t i v e  e f f e c t  
t e n d s  t o  d e c r e a s e  th e  charge  a t  t h e  oxygen atoms b u t  t h e  m esom eric 
e f f e c t  w h ich  o p e r a t e s  out o f  t h e  r i n g  t e n d s  t o  i n c r e a s e  i t .  The r e s u l t  
i s  t h a t  b e n z o ic  a c id  i s  o n ly  a s l i g h t l y  s t r o n g e r  a c id  t h a n  cy c lo h e x a n e  
c a r b o x y l i c  a c i d .
As f a r  as t h e  amines a re  c o n c e rn e d ,  t h e  s u b s t i t u t e d  ammonium ions 
become th e  a n a lo g u e s  o f  t h e  u n d i s s o c i a t e d  a c id  m o le c u le s  and t h e  f r e e  
am ines th e  a n a lo g u e s  o f  t h e  a c i d i c  i o n s .  No m esom eric  e f f e c t  i s  
p o s s i b l e  in  t h e  a n i l i n i u m  io n  as t h e r e  a r e  no u n s h a re d  p a i r s  o f  e l e c t r o n s  
On t h e  o t h e r  han d , t h e r e  i s  a te n d e n c y  f o r  i n d u c t iv e  e f f e c t s  p ro d u ced  by 
t h e  s y m m e t r i c a l l y  d is p o s e d  N - H  d ip o le s  t o  d e c r e a s e  t h e  n e g a t i v e  c h a rg e  
a t  t h e  n i t r o g e n  atom  and s o  make p ro to n  r e l e a s e  e a s i e r  t h a n  i n  ammonia 
o r  an  a l i p h a t i c  am ine. In  f r e e  a n i l i n e  mesomeric e f f e c t s  a l s o  come 
i n t o  p l a y  t o  d e c r e a s e  t h i s  e f f e c t i v e  c h a r g e . In  t h e  l i m i t ,  i f  t h e
a n i l i n e  m o lecu le  i s  assumed t o  have t h e  ex trem e  c o n f i g u r a t i o n .
t h e  " l o n e - p a i r "  e l e c t r o n s  would be used  i n  fo rm in g  a  d o u b le  bond t o  t h e  
c a r b o n  atom  o f  t h e  r i n g ,  so  r e n d e r i n g  them  u n a v a i l a b l e  f o r  th e  a c c e p ta n c e  
o f  a  p r o t o n .  I t  can  be i n f e r r e d  t h a t  as t h e  e x t e n t  t o  w h ich  s u c h  forms 
c o n t r i b u t e  t o  th e  a c t u a l  s t a t e  o f  t h e  a n i l i n e  m o le c u le s  i n c r e a s e s  t h e  
a v a i l a b i l i t y  o f  t h e s e  e l e c t r o n s  f o r  a n i l i n i u m  io n  f o r m a t i o n  d e c r e a s e s .
As a  r e s u l t ,  a n i l i n e  i s  a much w eak e r  b a se  t h a n  n - b u ty l a m in e .
C om parison  o f  su c h  b a s i c  s t r e n g t h s  a r e  most e a s i l y  made i n  te rm s  o f  t h e
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P^a v a lu e s  o f  t h e  c o r re sp o n d in g  s u b s t i t u t e d  ammonium i o n s ,  as t h e i r  
m easurem ent u s u a l l y  in v o lv es  t h e  d e t e r m i n a t i o n  o f  h y d ro g e n  ion  
c o n c e n t r a t i o n .  F o r  aqueous s o l u t i o n s ,  how ever, t h e  a c t u a l  b a s i c  
d i s s o c i a t i o n  c o n s t a n t  ( e q u i l i b r iu m  c o n s t a n t  o f  t h e  r e a c t i o n  
RNH2 +  HgO #  RNHsf oh ' )  is  g iv e n  by pK^= 14- pK&. F o r  a n i l i n e  pK& 
i s  4 .5 8  w h i l s t  f o r  n -b u ty la m in e  i t  is  1 0 .6 1 .
From t h e s e  a rg u m e n ts ,  th e  i n t r o d u c t i o n  i n to  t h e  a n i l i n e  m o le c u le  
o f  s u b s t i t u e n t  g ro u p s ,  w h ich  m odify  t h e  i n d u c t i v e  and m esom eric  e f f e c t s  
o f  t h e  a m in o -g ro u p ,  would be e x p ec te d  t o  p roduce  p ro fo u n d  e f f e c t s  on 
t h e  b a s i c  s t r e n g t h  o f t h e  am ine . This  e f f e c t  sh o u ld  be  p a r a l l e l  t o  
t h e  chan g es  i n  m esom eric  e f f e c t  w h ich  a r e  r e v e a l e d  b y  d i p o l e  moment 
m easu rem en ts  and i n  t u r n  t h e y  sh o u ld  show some r e l a t i o n s h i p  t o  t h e  
d i f f e r e n c e  b e tw een  th e  moments i n  d io x an  and b e n z e n e .  A r a t h e r  ro u g h  
c o r r e l a t i o n  o f  t h i s  ty p e  has been  o b se rv ed  by H u l e t t ,  Pegg and S u t t o n  (34) 
w i t h  t h e  a s s o c i a t i o n  c o n s t a n t s  o f  t h e  hyd ro g en  bonded com plexes o f  
s u b s t i t u t e d  p h e n o l  w i t h  t r i m e t h y la m in e ,  t h e  change i n  d i p o l e  moment 
a t t e n d i n g  t h i s  fo r m a t io n  and th e  d i s s o c i a t i o n  c o n s t a n t s  o f  t h e  p h e n o l s .
The pKg^  v a lu e s  o f  a  number o f  s u b s t i t u t e d  a n i l i n e s  a r e  l i s t e d  i n  
T a b le  V I I ,  t o g e t h e r  w i th  t h e  v a lu e s  o f  t h e  " i n c r e a s e d  m esom eric  moment" 
d e r i v e d  p r e v i o u s l y  and t h e  v a lu e s  o f  t h e  d i f f e r e n c e  b e tw een  t h e
moments o f  t h e  amine i n  d io x a n  and i n  b e n z e n e .
The r e s u l t s  a r e  n o t  s t r i c t l y  com parab le  as some o f  t h e  compounds 
have  b e en  s t u d i e d  in  w a te r  and t h e  o th e r s  in  v a r io u s  e t h y l  a l o o h o l - w a t e r  
m i x t u r e s .  The g e n e r a l  t r e n d  o f  t h e  r e s u l t s  shows a p a r a l l e l i s m ,  t h e  
g r e a t e s t  d iv e r g e n c e s  from  w h ich  o c c u r  when t h e r e  i s  a  g ro u p  ( p a r t i c u l a r l y
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a n i t r o - g r o u p )  p r e s e n t  in  t h e  p o s i t i o n  o r th o  t o  t h e  a m in o -g ro u p ,  when 
t h e  pKft v a lu e s  a r e  low er t h a n  w ould be e x p e c te d  from  d i p o l e  moment 
v a l u e s .
TABLE V II
pKa
A n i l in e 0 .0 0 0 .2 4 4 .5 8
m -B rom oan iline 0 .1 9 0 .3 3 3 .5 1
£ -B ro m o a n i l in e 0 .2 0 0 .3 5 3 .9 1
£ - C h l o r o a n i l i n e 0 .1 8 0 .3 8 3 .8 1
3 :5 -D ib ro m o a n i l in e 0 .3 2 0 .4 4 2 .4 5
2 : 4-D ib ro m o a n i l in e 0 .1 8 0 .3 4 2 .1 5
2 :4 :6 - T r ib r o m o a n i l i n e 0 .2 8 0 .2 7
m - N i t r o a n i l i n e 0 .1 7 0 .3 4 2 .4 5
£ - N i t r o a n i l i n e 1 .0 8 0 .6 2 1 .1 1
3 : 5-D i n i t r o a n i l i n e 0 .5 0 0 .4 4
2 : 4 - D i n i t r o a n i l i n e 1 .35 0 .6 3 - 4 . 3 8
2 : 4 : 6 - T r i n i t r o a n i l i n e 1 .4 4 0 .4 5 - 9 .2 9
W ith  h a lo g e n  s u b s t i t u e n t s  t h e  p rob lem  is  c o m p l ic a te d  by t h e  f a c t  
t h a t  t h e  i n d u c t i v e  e f f e c t  o f  a  h a lo g e n  atom i n  any  p o s i t i o n  t e n d s  t o  
c au se  a  w i th d ra w a l  o f  e l e c t r o n s  from  th e  n i t r o g e n  a to m , w h e reas  t h e  
m esom eric  e f f e c t  o f  a  h a lo g e n  a tom  in  a p o s i t i o n  o r th o  o r  p a r a  t o  t h e  
am in o -g ro u p  le a d s  t o  a p o s i t i v e  ch a rg e  on t h e  c a rb o n  atom  t o  w h ic h  t h e  
l a t t e r  i s  bonded and t h i s  w i l l  t e n d  t o  g iv e  a p o s i t i v e  c h a rg e  on t h e
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n i t r o g e n  atom . The ev id en c e  from  b o th  d i p o l e  moment and d i s s o c i a t i o n  
c o n s t a n t  d a t a  f o r  p - h a lo g e n o a n i l i n e s  i n d i c a t e s  t h a t  t h e  i n d u c t i v e  e f f e c t  
p r e v a i l s ,  s i n c e  t h e  d ip o l e  moments a r e  h ig h e r  t h a n  w ould  be e x p e c te d  by  
v e c t o r  a d d i t i o n ,  t h e  v a lu e s  a r e  h ig h e r  t h a n  f o r  a n i l i n e  and t h e y  a r e  
w e ak e r  b a s e s  t h a n  a n i l i n e .
2 "H a io g e n o a n i l in e s  have n o t  been s t u d i e d  i n  t h i s  w o rk  as t h e  v e r y  
l a r g e  in d u c t iv e  e f f e c t s  re n d e r  t h e  r e s u l t s  d i f f i c u l t  t o  i n t e r p r e t .
T here  i s  l i t t l e  d o u b t t h a t  in  t h e s e  compounds as w e l l  as i n  t h e  Z z 4 : j ( o  
t r i h e I o g e n o a n i l i n e s  t h e  i n d u c t iv e  e f f e c t  o f  t h e  o - h a lo g e n  atoms becomes 
v e r y  g r e a t  b u t  owing t o  t h e  j u x t a p o s i t i o n  o f  t h e  Br and NHg d i p o l e s  i t  
becomes somewhat o b s c u re d  i n  th e  o v e r a l l  d i p o l e  moments o f  th e  m o le c u le s .
W ith  n i t r o - g r o u p s  as s u b s t i t u e n t s  i n  any p o s i t i o n  t h e  i n d u c t i v e  
e f f e c t  t e n d s  t o  d e c r e a s e  t h e  e l e c t r o n  d e n s i t y  a t  th e  a m in o - n i t r o g e n  
a tom  and when th e  s u b s t i t u e n t  i s  o r th o  o r  p a r a  t o  t h e  am in o -g ro u p  t h e  
m esom eric  e f f e c t  w i l l  a c t  i n  th e  same s e n s e .  The v iew  t h a t  b o t h  t h e s e  
f a c t o r s  a r e  o f  im p o r tan ce  i s  s u p p o r te d  by  t h e  f a c t  t h a t  t h e  pK^ v a lu e  
o f  p - n i t r o a n i l i n e  i s  much low er t h a n  t h a t  o f  m - n i t r o a n i l i n e .  In  
2 : 4 - d i n i t r o -  and 2 : 4 : 6 - t r i n i t r o a n i l i n e  t h e  combined e f f e c t s  become v e r y  
s t r o n g  in d e e d .  The w ho le  p roblem  may be c o m p lic a te d  h e re  by  t h e  
f o r m a t i o n  o f  i n t e r n a l  hydrogen  bonds w h ich  w i l l  t e n d  t o  draw t h e  am ino-  
h y d ro g e n  atoms i n t o  o r  n e a r  t o  t h e  p la n e  of t h e  r i n g  and hence  make 
t h e  am ines v e r y  weak b a s e s  in d e e d .
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S e c t io n  V II
D is c u s s io n  o f  t h e  I n d i v i d u a l  R e s u l t s
p -B ro m o a n i l in e
T h is  w ork  has  c o n f irm ed  t h a t  th e  d ip o l e  moment o f  p - b r o m o a n i l i n e , 
l i k e  t h a t  o f  ^ ' C h l o r o a n i l i n e , i s  g r e a t e r  t h a n  th e  v a lu e  c a l c u l a t e d  from  
v e c t o r  a d d i t i o n  o f  t h e  moments o f  a n i l i n e  and t h e  h a lo g en o b e n z en e  by  an 
amount much in  e x c e s s  o f  t h a t  to  be a n t i c i p a t e d  from  t h e  m u tu a l  
i n d u c t i v e  e f f e c t s  o f  t h e  groups on eac h  o t h e r .  As t h e  m esom eric 
e f f e c t s  o f  t h e  two s u b s t i t u e n t s  in  t h i s  compound a c t  i n  d i r e c t  o p p o s i t i o n ,  
i t  i s  r a t h e r  s u r p r i s i n g ,  a t  f i r s t  s i g h t ,  t h a t  t h e  i n t e r a c t i o n  moment i s  
p o s i t i v e ,  t h a t  i s ,  in  t h e  s e n s e  c o r re s p o n d in g  t o  an i n c r e a s e d  m esom eric  
e f f e c t  o f  t h e  a m in o -g ro u p . However, t h e  i n t e r a c t i o n  moment i s  a v e r y  
com plex f u n c t i o n ,  i n c lu d in g  a l l  m o d i f i c a t io n s  o f  t h e  i n d u c t i v e  and 
m esom eric  e f f e c t s  w h ich  a r i s e  from th e  s im u l ta n e o u s  p r e s e n c e  o f  t h e  two 
s u b s t i t u e n t s .
The brom ine atom has a v e ry  s t r o n g  in d u c t i v e  e f f e c t  t h a t  t e n d s  t o  
c a u se  a  w i th d ra w a l  o f  e l e c t r o n  d e n s i t y  from  t h e  r i n g .  T h is  c o n d i t i o n  
f a v o u r s  an  i n c r e a s e d  mesom eric moment in  t h e  s e n s e  i n  w h ich  i t  i s  
p r o p a g a te d  by t h e  am ino-group  w i t h ,  p r o b a b ly ,  a c o n s e q u e n t i a l  d e c r e a s e  
i n  t h e  m esom eric e f f e c t  i n  t h e  s e n s e  f a v o u re d  by  t h e  p r e s e n c e  o f  t h e  
b rom ine  a tom . 2 ;4 :6 - T r ib r o m o a n i l in e  i s  r e a d i l y  o b ta in e d  by  t h e  
b r o m i n a t io n  o f  _ £ -b ro m o an il in e .  This  s u p p o r t s  t h e  v iew  t h a t  t h e
/
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r e s u l t i n g  e l e c t r o n  d i s t r i b u t i o n  i n  p - b r o m o a n i l in e  i s  o f  t h e  form 
v i s u a l i s e d  by t h e s e  c o n s i d e r a t i o n s .  Under s u i t a b l e  c o n d i t i o n s  t h e  
am in o -g ro u p  can  r e a d i l y  pass  f u r t h e r  e l e c t r o n  d e n s i t y  t o  t h e  r i n g .
T h is  c o u ld  a cc o u n t  f o r  t h e  f a c t  t h a t  t h e r e  i s  a s h a r p  r i s e  i n  t h e  
a p p a r e n t  moment when benzene i s  r e p la c e d  by  d io x a n  as s o l v e n t .  T here  
i s  no r e a s o n  t o  suppose  t h a t ,  in  th e  com plex form ed b e tw ee n  t h e  d io x a n  
and amine m o le c u le s ,  t h e  moment o f  t h e  O . . . . . H - N  sy s te m  i s  v e r y  
d i f f e r e n t  from  t h a t  i n  t h e  complex w i th  a n i l i n e .  A l s o ,  e v id e n c e  was 
o b t a in e d  t h a t  a c o n s i d e r a b l e  p r o p o r t io n  o f  t h e  a n i l i n e  m o le c u le s  in  
d io x a n  s o l u t i o n  a r e  in  t h e  fo rm  of t h e  com plex . I t  i s  u n l i k e l y  t h a t  
t h e  h ig h e r  v a lu e  o f  A p  f o r  p -b r o m o a n i l in e  a r i s e s  e n t i r e l y  from  an  
i n c r e a s e  in  t h e  p r o p o r t i o n  o f  t h e  m o lecu les  e n t e r i n g  i n t o  co m p lex es .
The m ost p ro b a b le  e x p l a n a t i o n ,  t h e r e f o r e ,  i s  t h a t  t h e  a p p a r e n t  i n c r e a s e  
i n  moment i s  m a in ly  a r e s u l t  o f  th e  f a c t  t h a t ,  owing t o  t h e  i n d u c t i v e  
e f f e c t  o f  t h e  brom ine atom t h e  f u r t h e r  p a ssa g e  o f  e l e c t r o n  d e n s i t y  t o  
t h e  r i n g  o c c u rs  more r e a d i l y  from t h e  e q u i l i b r i u m  s t a t e  o f  p - b r o m o a n i l i n e  
t h a n  f ro m  t h a t  o f  a n i l i n e  i t s e l f .
m-B ro m o a n i l in e
In  m -b ro m o an i l in e  t h e  m esom eric e f f e c t s  o f  th e  two s u b s t i t u e n t s  
b o t h  t e n d  t o  p roduce  e x c e s s  e l e c t r o n  d e n s i t y  a t  t h e  c a r b o n  atoms in  
p o s i t i o n s  2 ,  4 and 6 .  On t h i s  a c c o u n t ,  i t  m igh t be e x p e c te d  t h a t  t h e  
tw o s u b s t i t u e n t s  would  be u n ab le  t o  e x e r c i s e  t h e i r  f u l l  m esom eric 
e f f e c t s .  As in  t h e  case  o f  p - b r o m o a n i l i n e ,  how ever, t h e  o v e r r i d i n g  
f a c t o r  may be t h e  w i th d ra w a l  o f  e l e c t r o n  d e n s i t y  from  t h e  r i n g  b y  th e  
b rom ine  a tom , w hich  w i l l  t e n d  t o  i n c r e a s e  t h e  m esom eric e f f e c t  o f  t h e
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am in o -g ro u p .  C o n se q u e n t ly ,  t h e  o v e r a l l  e f f e c t  m ight be e x p e c te d  t o  be 
s l i g h t l y  l e s s  t h a n ,  b u t  n o t  v e r y  d i f f e r e n t  from  t h a t  in  p - b r o m o a n i l i n e .  
E v id e n c e  from  t h e  v a lu e s  o f  t h e  i n t e r a c t i o n  moment, as  c a l c u l a t e d  from  
t h e  moment in  b en zen e  s o l u t i o n ,  and o f  A p  shows t h a t  t h i s  i s  t h e  c a s e .
I t  may n o t  be s t r i c t l y  t r u e  i n  t h i s  case  t o  assume h e r e ,  as has b e e n  
done i n  c a l c u l a t i n g  t h e  f i g u r e s  i n  T ab le  V, t h a t  t h e  i n t e r a c t i o n  moment 
a c t s  a lo n g  th e  N-C bond a x i s ,  b u t  even  i f  t h e  o p p o s i t e  excrem e i s  a d o p te d  
and i t  i s  t a k e n  as b e in g  e q u a l  t o  t h e  s c a l a r  d i f f e r e n c e  b e tw een  t h e  
o b s e r v e d  and c a l c u l a t e d  moments t h e  same argum ents  h o l d .
5 ; 5-D ib ro m o an i  l i n e
S i m i l a r  a rgum ents  w i l l  h o ld  f o r  t h i s  compound. In  t h e  a b se n c e  o f  
a l l  i n t e r a c t i o n  e f f e c t s  t h e  moment sh o u ld  be e q u a l  t o  t h a t  o f  p -b ro m o ­
a n i  l i n e . Even th e  c l a s s i c a l  i n d u c t iv e  e f f e c t s  o f  one s u b s t i t u e n t  on 
t h e  o t h e r  sh o u ld  be a p p ro x im a te ly  e q u a l ,  b u t  t h e s e  a r e  o n ly  s m a l l .  The 
s l i g h t l y  h ig h e r  moment o f  3 : 5 - d ib r o m o a n i l i n e , how ever, i n d i c a t e s  t h a t  
i t s  i n t e r a c t i o n  moment i s  s l i g h t l y  g r e a t e r  t h a n  t h a t  o f  p - b r o m o a n i l i n e .  
The in d u c t i v e  e f f e c t s  o f  t h e  two brom ine atoms i n  m -dibrom obenzene a r e  
l e s s  t h a n  t h a t  o f  t h e  brom ine atom  in  brom obenzene b u t  i t  must be 
i n f e r r e d  t h a t  t h e  w i th d ra w a l  o f  e l e c t r o n  d e n s i t y  from  t h e  r i n g  p ro d u ced  
b y  t h e  two brom ine atoms i s  g r e a t e r  t h a n  t h a t  cau sed  by  one atom  o n ly .  
H ence , i t  i s  t o  be a n t i c i p a t e d  t h a t  t h e  i n t e r a c t i o n  moment i n  3 : 5 - d i -
b r o m o a n i l i n e ,  p roduced  by th e  i n c r e a s e d  m esom eric e f f e c t  o f  t h e  amine
;
g ro u p  and th e  c o n s e q u e n t  a d ju s tm e n t  o f  b o th  m esom eric and i n d u c t iv e  
e f f e c t s  o f  t h e  b rom ine  atoms w i l l  be g r e a t e r  t h a n  i n  m-bromo a n i l i n e  b u t  
n o t  d o u b le  t h a t  found  i n  t h e  l a t t e r .  The o b s e rv e d  v a lu e  o f
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a c t u a l l y  in c r e a s e d  by  abou t 1 0 %  as compared w i t h  t h a t  o f  m-b rom oani l i n e ,  
w h i l s t  t h e  i n c r e a s e  i n  A p  i s  ab o u t  56^ o f  t h e  d i f f e r e n c e  from  a n i l i n e  
t o  m-bromo a n i l i n e . These f i g u r e s  a r e  o f t h e  o r d e r  t h a t  w ould  b e  
e x p e c te d  from  t h e  q u a l i t a t i v e  argum ent g iv e n  above .
2 ;4 -D ib r o m o a n i l in e  and 2 ;4 :6 -T r ib ro m o a n i l i n e
In  th e  absence  o f  a l l  i n t e r a c t i o n  e f f e c t s  t h e  d i p o l e  moment o f  
2 ; 4 - d i b  rom oani l i n e  s h o u ld  be e q u a l  t o  t h a t  o f  m-bromo a n i l i n e ,  and th e  
moment o f  2 : 4 : 6 - t r i b r o m o a n i l i n e  sh o u ld  be t h e  same as t h a t  o f  a n i l i n e .
Some c o m p l ic a t io n s  may be e x p e c te d ,  how ever, f rom  th e  c l o s e  p r o x im i ty  o f  
t h e  a m in o -g ro u p  and t h e  o r t h o -brom ine a to m s , s i m i l a r  t o  t h a t  a r i s i n g  in  
p -b ro m o b e n z e n e .
The o b se rv ed  moment o f  2 :4 -d ib ro m o a n i l in e  i s  a c t u a l l y  n o t  v e ry  
d i f f e r e n t  f rom  t h a t  o f  m-bromo a n i l i n e  a n d ,  when th e  b rom ine  g ro u p  moments 
a r e  assumed t o  be e q u a l  t o  t h e  moment o f  m -d ib rom obenzene , t h e  i n t e r a c t i o n  
moment c a l c u l a t e d  from  i t  i s  s l i g h t l y  h i g h e r  t h a n  f o r  e i t h e r  m- o r  
p - b r o m o a n i l i n e  b u t  l e s s  t h a n  t h a t  f o r  3 : 5 -d  ib rom oan i l i n e . The use  o f  
t h i s  e f f e c t i v e  v a lu e  o f  t h e  brom ine group moment seems t o  be  j u s t i f i e d  
b y  t h e  v a lu e  found  by  Few and Sm ith  f o r  t h e  moment o f  2 : 4 ; 6 - t r i b r o m o -  
a n i l i n e  w h ich  le a d s  t o  a  s l i g h t l y  h ig h e r  i n t e r a c t i o n  moment : i n  f a c t
t h e  in c re m e n ts  o f  0 .0 5  and 0.03D . on s u c c e s s i v e  a d d i t i o n s  o f  brom ine 
atoms in  th e  p o s i t i o n s  o r th o  t o  t h e  am ino -g roups  a r e  r e a s o n a b l e ,  b u t  a r e  
l e s s  t h a n  t h e  in c re m e n t  o f  0 .13D . w hich  o c c u rs  when a second  brom ine 
atom  is  in t r o d u c e d  in  t h e  p o s i t i o n  m eta t o  t h e  am in o -g ro u p  i n  m-bromo- 
a n i l i n e .  This  s u g g e s t s  t h a t  t h e r e  may be some s t e r i c  i n t e r f e r e n c e  w i t h  
t h e  m esom eric  e f f e c t ,  a l th o u g h  t h i s  may be r e l a t i v e l y  s l i g h t .
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The Ap v a lu e s  f o r  2 ; 4 - d ib rom oan i l i n e  and 2 : 4 : 6 - t r i b r o m o a n i l i n e  a r e  
l e s s  t h a n  f o r  p - b r o m o a n i l in e  in  s p i t e  o f  t h e  g r e a t e r  i n t e r a c t i o n  moments 
T h u s ,  i n  F ig u r e  7 , where th e  p o in t s  f o r  t h e s e  compounds a r e  i n s e r t e d  on 
t h e  Ap -  P j^^^  p l o t s  th e  r e s u l t s  l i e  below th e  cu rv e  f o r  t h e  p -  
s u b s t i t u t e d  a n i l i n e s .  I t  seenis , t h e r e f o r e ,  t h a t  a l th o u g h  t h e  p re s e n c e  
o f  t h e  b rom ine  atoms in  p o s i t i o n s  o r th o  t o  th e  am in o -g ro u p  have o n ly  a 
s m a l l  e f f e c t  on t h e  mesom eric moment o f  t h i s  g ro u p ,  t h e y  may t e n d  t o  
p r e v e n t  i t s  a s s o c i a t i o n  w i th  d io x a n  o r  t o  p r e v e n t  t h e  N-H bond i n  t h e  
a s s o c i a t i o n  complex from  coming in to  o r  n e a r  t o  t h e  p la n e  o f  t h e  r i n g .
In  t h e  c a se  o f  th e  2 ;4 -d  ib rom oan i l i n e  t h i s  s t e r i c  e f f e c t  w i l l  a p p ly  t o  
c o p l a n a r i t y  on one s i d e  o n ly  bu t in  2 : 4 : 6 - t r i b r o m o a n i l i n e  i t  s h o u ld  
a p p ly  t o  b o t h  s i d e s .  T h is  would e x p l a i n  t h e  f a c t  t h a t  Ap i s  s l i g h t l y  
be lo w  t h e  e x p e c te d  v a lu e  in  t h e  dibromo-compound b u t  c o n s i d e r a b l y  be low  
i t  in  t h e  t r  ib rom oan i l i n e . N e v e r t h e l e s s ,  t h e  f a c t  t h a t  A p  f o r  2 : 4 : 6 -  
t r i b r o m o a n i l i n e  i s  s l i g h t l y  g r e a t e r  t h a n  f o r  a n i l i n e  i t s e l f  s u g g e s t s  
t h a t  i n t e r f e r e n c e  be tw een  th e  brom ine atoms and t h e  d io x a n  m o le c u le  i s  
n o t  c o m p le te .
An a l t e r n a t i v e  e x p l a n a t i o n  would be t h a t  t h e r e  i s  a t e n d e n c y  t o  
fo rm  i n t r a m o l e c u l a r  h y d ro g en  b r id g e s  be tw een  t h e  amine group and th e  
b rom ine  atoms s i m i l a r  t o  th o s e  t h a t  have b een  p o s t u l a t e d  by  A n z i l o t t i  
and C u rra n  (27) t o  a c c o u n t  f o r  t h e  v a lu e s  o f  t h e  d i p o l e  moments o f  
o -b ro m o p h en o l .  The f o r m a t io n  o f  h y d ro g en  bonds by  brom ine has n e v e r  
b e e n  p ro v e d ,  how ever, and i n  th e  p r e s e n t  in s t a n c e  i t  w ould be  e x p e c te d  
t o  have a much g r e a t e r  e f f e c t  upon t h e  d ip o le  moment i n  b en zen e  t h a n  
i s  o b s e r v e d .  T his  a l t e r n a t i v e ,  t h e r e f o r e ,  i s  r a t h e r  im p ro b a b le .
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O b s t r u c t i o n  betw een t h e  d io x a n  m olecu le  i n  a com plex and t h e  o r t h o ­
m e th y l  groups in  m esid ine  and am inodurene may a l s o  a c c o u n t  f o r  t h e  f a c t  
t h a t  t h e  p o i n t s  on F ig u re  7 r e f e r r i n g  to  t h e s e  compounds, a l t h o u g h  
c o i n c i d e n t ,  l i e  be low  th e  b e s t  l i n e  f o r  t h e  p o in t s  r e l a t i n g  t o  o t h e r  
compounds where no su ch  o b s t r u c t i o n  i s  t o  be a n t i c i p a t e d .
p - N i t r o a n i l i n e
In  t h e  c a s e  o f  t h e  n i t r o a n i l i n e s  t h e  n i t r o - g r o u p  i s  m - d i r e c t i n g
w h i l s t  t h e  am ino -g roup  i s  ^P f^i^^^C 'ting , w hereas  b o th  g roups  i n  t h e
b r o r a o a n i l in e s  a r e  ^ P j ^ i r e c t i n g .  B o th  t h e  m esom eric and  i n d u c t i v e
e f f e c t s  o f  t h e  n i t r o - g r o u p  te n d  t o  c a u s e  a  w i th d r a w a l  o f  e l e c t r o n
d e n s i t y  from  t h e  r i n g .  H ence, in  £ - n i t  ro a n  i  l i n e  t h e  e f f e c t s  o f  t h e
tw o  g roups  c a n  m u tu a l ly  enhance  one a n o t h e r . In  v a le n c e  bond te rm s
t h e  r e s u l t  can  be d e s c r i b e d  as a r i s i n g  from  c o n t r i b u t i o n s  t o  t h e  s t a t e
o f  t h e  m o le c u le s  by  s t r u c t u r e s  o f  t h e  t y p e  ^  ^
^  N
The m ag n itu d e  o f  t h e  i n t e r a c t i o n  e f f e c t  i s  
shown b y  t h e  f a c t  t h a t  t h e  moment o f  _ p - n i t r o a n i l i n e  e x ce e d s  t h e  v e c t o r  
sum o f  t h e  moments o f  t h e  amino- and n i t r o - g r o u p s  by  no l e s s  t h a n  1.06D. 
N e v e r t h e l e s s ,  even  i f  t h e  mesomeric moment in  a n i l i n e  i t s e l f  i s  t a k e n  
as  b e in g  1.73D. t h e  t o t a l  "mesomeric moment" amounts t o  2 .9D . As t h i s  
i n c l u d e s  n o t  o n ly  t h e  t r u e  e l e c t r o n  d is p la c e m e n t  due t o  t h e  m esom eric  
e f f e c t  b u t  a l s o  m o d i f i c a t i o n s  in  t h e  moment r e s u l t i n g  from  t h e  change 
i n  t h e  s t a t e  o f  h y b r i d i s a t i o n  o f  t h e  o r b i t a l s  o f  t h e  am in o -g ro u p  and 
f ro m  i n d u c t i o n ,  t h e  t r u e  mesomeric moment i s  l e s s  t h a n  t h i s  a n d ,  h e n ce ,  
i t  i s  t o o  s m a l l  t o  s u g g e s t  t h a t  t h e  mesom eric s t r u c t u r e  g iv e n  above i s  
t h e  p red o m in a n t  s t r u c t u r e  c o n t r i b u t i n g  t o  t h e  a c t u a l  s t a t e  o f  t h e
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m o le c u le .  T h is  i s  in  l i n e  w i t h  o t h e r  e v id en c e  s i n c e ,  a l t h o u g h  a  v e ry  
weak b a s e ,  _£“^ i t r o a n i l i n e  has a d e f i n i t e  b a s i c  d i s s o c i a t i o n  c o n s t a n t :  
t h e  s t r u c t u r e  g iv e n  above would im ply a com ple te  c o p l a n a r i t y  o f  t h e  
m o le c u le  and th e  com ple te  d is a p p e a ra n c e  o f  t h e  b a s i c  c h a r a c t e r  o f  th e  
a m in o -g ro u p .
The a p p a r e n t  d i p o l e  moment o f _p”^ i t r o a n i l i n e  in  d io x a n  s o l u t i o n  i s
0 .6 0 D . g r e a t e r  t h a n  in  benzene  s o l u t i o n ,  a  r e s u l t  w h ich  would be 
a n t i c i p a t e d  fro m  th e  m agnitude  o f  t h e  i n t e r a c t i o n  moment in  t h e  l a t t e r  
s o l v e n t .  I t  i s  a p p a r e n t  t h a t  an in c r e a s e d  e l e c t r o n  d e n s i t y  d o n a t io n  
by  t h e  am in o -g ro u p  is  r e a d i l y  a c c e p te d  by  t h e  n i t r o - g r o u p  i n  t h e  p a r a  
p o s i t i o n ,  w h e rea s  i n  a n i l i n e  th e  i n c r e a s e  in  m esom eric  moment i s  
o p p o sed  by  e l e c t r o n  d e n s i t i e s  a l r e a d y  p r e s e n t  a t  t h e  p o s i t i o n s  o r th o  
and p a r a  t o  t h e  am in o -g ro u p . In £ - b  rom oani l i n e , t h e  d o n a t io n  i s  
f a c i l i t a t e d  by  t h e  in d u c t iv e  e f f e c t  o f  t h e  brom ine atom  b u t  t h i s  does 
n o t  s p e c i f i c a l l y  remove e l e c t r o n  d e n s i t y  from  t h e  atoms o r t h o  t o  t h e  
a m in o -g ro u p .
m- N i t r o a n i l i n e
In  t h i s  compound t h e  mesomeric e f f e c t s  o f t h e  am ino- and n i t r o -  
g ro u p s  c an n o t a c t  i n  c o n ju g a t io n ,  en d ,  h e n c e ,  i t  i s  o n ly  t h e  i n d u c t i v e  
e f f e c t  o f  t h e  n i t r o - g r o u p  w hich  f a c i l i t a t e s  t h e  m esom eric e f f e c t  o f  
t h e  am in o -g ro u p .  The p o s i t i o n  i s ,  t h e r e f o r e ,  s i m i l a r  t o  t h a t  o f  m- 
o r  £ - b r o m o a n i l i n e .  The amino- and n i t r o - g r o u p s  a r e  s o  o r i e n t e d  w i t h  
r e s p e c t  t o  on© a n o th e r  t h a t ,  on t h e  a v e r a g e ,  t h e  moment in d u ced  i n  one 
g ro u p  by  t h e  o t h e r  can  o n ly  be s m a l l .  A lmost t h e  whole  d i f f e r e n c e  
b e tw ee n  t h e  o b se rv e d  and c a l c u l a t e d  moments must a r i s e  th r o u g h
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i n t e r a c t i o n  b e tw een  th e  m esom eric e f f e c t  o f  t h e  am ino -g roup  and th e  
i n d u c t i v e  e f f e c t  o f  th e  n i t r o - g r o u p .  I t  i s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,  
t h a t  b o t h  t h e  i n t e r a c t i o n  moment and th e  A p  v a lu e  a re  a lm o s t  t h e  same 
as t h e y  a r e  f o r  m -b r o m o a n i l in e .
3 : 5 - D i n i t r o a n i l i n e
The m easured  moments o f  t h i s  compound show most c l e a r l y  t h e  
im p o r tan c e  o f  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  g roups in  d e te r m in in g  b o th  
t h e  i n t e r a c t i o n  moment and t h e  A p  v a l u e .  In  t h e  ab sen ce  o f  any 
mesom eric d is p la c e m e n t  w h ich  can  t e n d  t o  g iv e  c o n ju g a t iv e  s t r u c t u r e s  
th ro u g h o u t  t h e  m o lecu le  t h e  moment o f  3 : 5 - d i n i t r o a n i l i n e  s h o u ld  be th e  
same as t h a t  o f  £ - n i t r o a n i l i n e  b u t  a c t u a l l y  t h e  v a lu e s  i n  ben zen e  and 
d io x a n  s o l u t i o n  a r e  0 .7 5  and 0 .8 9 D . ,  r e s p e c t i v e l y ,  l e s s  th a n  th o s e  f o r  
£ - n i t r o e n i l i n e . The i n t e r a c t i o n  moment, b a se d  on v e c t o r  a d d i t i o n  o f  
t h e  moments o f  a n i l i n e  and m - d i n i t r o b e n z e n e , i s ,  in  f a c t , r a t h e r  more 
th a n  doub le  t h a t  i n  m - n i t r o a n i l i n e .  T h is  me.y be due t o  s l i g h t  
e x p e r im e n ta l  e r r o r  o r  t o  t h e  v e c t o r i a l  method u sed  i n  c a l c u l a t i n g  th e  
i n t e r a c t i o n  moments, b u t  i t  seems t o  be  s i g n i f i c a n t  t h a t  t h e  d i f f e r e n c e  
b e tw een  th e  A p  v a lu e s  f o r  3 : 5 - d i n i t r o a n i l i n e  and a n i l i n e  i s  more th a n  
tw ic e  t h a t  b e tw een  t h e  e q u i v a l e n t  v a lu e s  f o r  m - n i t r o a n i l i n e  and a n i l i n e .  
A c t u a l l y ,  t h e  p o i n t s  f o r  b o th  compounds l i e  r e a s o n a b ly  n e a r  t h e  mean 
c u rv e  o f  F ig u r e  7.
2 :4 - D i n i t r o a n i l i n e  and 2 : 4 : 6 - T r i n i t r o a n i l i n e
In  t h e s e  compounds th e  im p o r tan ce  o f  t h e  r e l a t i v e  p o s i t i o n s  o f  th e  
am ino- and n i t r o - g r o u p s  i s  a g a in  shown up r a t h e r  d r a m a t i c a l l y  s in c e  on
.r'v"
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t h e  s i m p l e s t  v e c t o r  summation p r i n c i p l e  t h e i r  moments s h o u ld  be e q u a l  
t o  t h o s e  o f  m - n i t r o a n i l i n e  and a n i l i n e ,  r e s p e c t i v e l y .  The o b s e rv e d  
v a l u e s  f o r  benzene  s o l u t i o n  a c t u a l l y  exceed  t h e s e  v a lu e s  by  0 .9 6  and 
1 .3 7 D . ,  r e s p e c t i v e l y ,  and c o r re s p o n d  t o  even  g r e a t e r  i n t e r a c t i o n  moments 
t h e n  t h o s e  fo und  f o r  j p - n i t r o a n i l i n e .
A p o s s i b l e  c o m p l ic a t i n g  f a c t o r  w h ich  a r i s e s  h e re  i s  an  i n t e r a c t i o n  
b e tw e e n  t h e  am ino- and n i t r o - g r o u p s  s i m i l a r  t o  t h a t  o c c u r r i n g  i n  
£ - n i t r o p h e n o l .  I n t e r n a l  hydrogen  bond ing  o r  an i n t e r n a l  s a l t  f o r m a t i o n  
(Y and Z) would be e x p e c te d  t o  le a d  t o  a g r e a t l y  i n c r e a s e d  i n t e r a c t i o n  
moment i n  2 ; 4 - d i n i t r o a n i l i n e , b u t  a t  t h e  same t im e  i t  w ould  be e x p e c te d  
t o  r e d u c e  t h e  te n d e n c y  o f  t h e  am ino-g roup  t o  fo rm  a h y d ro g en  bond w i t h  
t h e  d io x a n  m o le c u le .  However, t h e  v a lu e  o f  A p  f o r  2 ; 4 - d i n i t r o a n i l i n e  
i s  g r e a t e r  t h a n  f o r  £ - n i t  ro a n  i l i n e  and i t  l i e s  n e a r  t h e  c u rv e  i n  
F i g u r e  7 ,  so i t  seems t h a t  t h e  a s s o c i a t i o n  w i t h  d io x a n  i s  n o t  a p p r e c i a b l y  
i n t e r f e r e d  w i t h .  Any te n d e n c y  t o  i n t e r n a l  h y d ro g en  b o n d in g ,  t h e r e f o r e  
a p p e a r s  n o t  t o  i n h i b i t  t h e  a s s o c i a t i o n  w i t h  d io x a n .
A n o th e r  p o s s i b l e  i n t e r a c t i o n  e f f e c t  in v o lv e s  s t e r i c  o b s t r u c t i o n  
b e tw e e n  t h e  am ino- and t h e  2 - n i t r o - g r o u p ,  w hereby  one o r  b o th  o f  t h e s e  
g ro u p s  a r e  p r e v e n te d  fro m  coming in t o  o r  n e a r  t o  t h e  p la n e  o f  t h e  r i n g .  
T h is  t y p e  o f  e f f e c t  w ould  cause a  c o n s i d e r a b le  d e c r e a s e  i n  t h e  m esom eric  
e f f e c t  o f  t h e  g roup  c o n ce rn e d  and w ould  te n d  t o  re d u c e  i t s  g ro u p  moment 
to w a rd s  t h e  v a lu e  shown in  a l i p h a t i c  compounds. The o b s e rv e d  d i p o l e  
moment o f  2 : 4 - d i n i t  r o a n i  l i n e  in  benzene  c o u ld  be e x p la i n e d  by  a 
d i s p l a c e m e n t  o f  t h e  n i t r o - g r o u p  from  p o s s i b l e  o o p l a n a r i t y  w i t h  t h e  r i n g ,  
b u t  i t  seems v e ry  u n l i k e l y  t h a t  t h i s  s h o u ld  o c c u r  w i th o u t  t h e  am ino- 
g ro u p  a l s o  b e in g  a t  l e a s t  p a r t i a l l y  i n h i b i t e d  from  assu m in g  th e
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n e a r - o o p l e n a r  s t a t e .  The d ip o le  moment s u g g e s t s  t h a t  t h e r e  i s  no su c h  
i n h i b i t i o n .
b m ith  ( 3 5 ) showed t h a t  i n t e r - m o l e c u l a r  h y d ro g e n -b o n d in g  b e tw een  an 
oxygen  a tom  o f  n i t r o b e n z e n e  and t h e  im in o -h y d ro g en  a tom  o f  d i p h e n y lam ine  
does  n o t  o c c u r  t o  any  s i g n i f i c a n t  e x t e n t  in  b en ze n e  s o l u t i o n ,  a r e s u l t  
w h ic h  t e n d s  t o  s u g g e s t  t h a t  a s t r o n g  in t r a -m o  le  o u l a r  h y d ro g en  bond in  
2 : 4 - d i n i t r o a n i l i n e  i s  im p ro b ab le .  At t h e  same t i m e ,  h o w ev er ,  i t  i s  
u n l i k e l y  t h a t  t h e r e  i s  any  g r e a t  r e p u l s i o n  b e tw een  th e  h y d ro g e n  atoms 
o f  t h e  amine g ro u p  and t h e  oxygen atoms o f  t h e  n i t r o - g r o u p  s o  t h e y  may 
w e l l  a c t  a lm o s t  f r e e l y .
F o r  2 : 4 : 6 - t r i n i t r o a n i l i n e , t h e  moment in  b en zen e  s o l u t i o n  may be 
a  l i t t l e  h ig h  b e c a u se  t h e r e  i s  a r a t h e r  l a r g e  a tom  p o l a r i s a t i o n  due t o  
t h e  b a l a n c e d  d i p o l e s  i n  t h e  m o le c u le ,  b u t  th e  v a lu e  s u g g e s t s  a  s l i g h t l y  
g r e a t e r  i n t e r a c t i o n  moment even  th a n  in  2 :4 - d i n i t  r o a n i  l i n e . The A p  
v a l u e ,  h o w ev er ,  i s  much s m a l l e r  t h a n  f o r  th e  l e t t e r  compound, a r e s u l t  
w h ic h  i s  v e r y  s i m i l a r  t o  b u t  even more p ronounced  t h a n  t h a t  o b s e r v e d  
w i t h  2 : 4 : 6 - t r i b r o r a o a n i l i n e .  The same e x p l a n a t i o n  w i l l  a l s o  h o ld  h e r e ,  
t h e  f o r m a t i o n  o f  a com plex  w i th  d io x a n  and p a r t i c u l a r l y  t h e  a p p ro a c h  
o f  t h e  N-H b o n d s ,  in  s u c h  a  com plex, t o  t h e  p la n e  o f  t h e  r i n g  b e in g  
s t e r i c a l l y  i n h i b i t e d .  In  su ch  c a s e s ,  t h e r e f o r e ,  t h e  p a r a l l e l i s m  
b e tw e e n  A p  and t h e  m esom eric moment o f  t h e  amine g ro u p  m ust b r e a k  down.
The im p o r tan c e  o f  t h e  ch a rg e  d i s t r i b u t i o n s  in  t h e  r e s p e c t i v e  g ro u p s  
i n  t h e  s t e r i c  i n h i b i t i o n  o f  m esom eric  e f f e c t s  i s  w e l l  i l l u s t r a t e d  by  
t h e  m easu rem en ts  on 2  : 4 : 6 - t r i n i t r o - l - c h l o r o b e n z e n e  i n  d io x a n  s o l u t i o n .
The f a c t  t h a t  t h e  i n d u c t i v e  e f f e c t s  o f  t h e  groups upon one a n o t h e r  
c a n n o t  be  c a l c u l a t e d  w i t h  any c e r t a i n t y  p r e v e n t s  a n  e x a c t  a n a l y s i s  o f
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t h i s  p ro b le m  b u t  i t  seems h ig h l y  p ro b a b le  t h a t  a p a r t  from  in d u c t i v e  
e f f e c t s  t h e  e f f e c t i v e  moments o f  t h e  n i t r o - g r o u p s  in  t h e  p o s i t i o n s  o r t h o  
t o  t h e  c h l o r i n e  atom a r e  a p p r e c i a b l y  s m a l l e r  t h a n  t h a t  o f  t h e  n i t r o -  
g ro u p  in. t h e  p e r a  p o s i t i o n .  This  w ould  be e x p e c te d  i f  t h e  c h l o r i n e  
a to m  t e n d s  t o  p r e v e n t  c o p l a n a r i t y  o f  t h e  n i t r o - g r o u p  w i t h  t h e  r i n g  in  
t h e  same way as t h e  brom ine atoms do in  2 : 4 : 6 - t r i b r o m o n i t r o b e n z e n e .
I t  seem s l i k e l y ,  t h e r e f o r e ,  t h a t  a l th o u g h  t h e  c h l o r i n e  a tom  i s  
p h y s i c a l l y  s m a l l e r  t h a n  an  am ino-g roup  i t  can  have a g r e a t e r  s t e r i c  
e f f e c t  r e l a t i v e  t o  a  n i t r o - g r o u p .
2-life t h y  1 - 4 - n i t r o a n i  l i n e
2 - M e t h y l - 4 - n i t r o a n i l i n e  o n ly  d i f f e r s  f rom  £ - n i t r o a n i l i n e  i n  h a v in g  
a  m e th y l  g ro u p  o r t h o  t o  t h e  am ino -g roup . As t h e  a x i s  o f  t h e  d i p o l e  
i n  £ - n i t  r o a n i  l i n e  i s  o n ly  s l i g h t l y  i n c l i n e d  t o  t h e  a x i s  o f  t h e  N-C b o n d ,  
w h i l s t  t h e  a x i s  o f  t h e  C-M& bond in  2 - m e t h y l - 4 - n i t r o a n i l i n e  i s  i n c l i n e d  
a t  6 0 °  t o  t h i s  a x is  i t  w ould  be e x p e c te d  t h a t ,  o t h e r  c o m p l i c a t i n g  
f a c t o r s  e x c lu d e d ,  th e  moment o f  t h e  2-m e th y l  compound w ould  d i f f e r  f ro m  
t h a t  o f  p - n i t r o a n i l i n e  by  abou t 0 .37cos60O  o r  0 .19D . The o b s e rv e d  
d i f f e r e n c e  (0 .2 0 D .)  s u g g e s t s ,  t h e r e f o r e ,  t h a t  t h e r e  i s  no a p p r e c i a b l e  
i n h i b i t i o n  o f  t h e  m esom eric  e f f e c t  in  t h i s  compound. On t h e  o t h e r  
h a n d , ^} JL i s  s l i g h t l y  l e s s  t h a n  i t  i s  f o r  £ - n i t r o a n i l i n e ,  an  e f f e c t  
w h ic h  co u ld  be  e x p l a i n e d  by th e  hydrogen  b o n d ing  t o  a d io x a n  m o le c u le  
b e i n g  i n h i b i t e d  on t h e  s i d e  o f  t h e  m o lecu le  a d j a c e n t  t o  t h e  m e th y l  g ro u p .
N i t r o m e t h y l a n i l i n e s
The s t u d y  o f  t h e s e  compounds s h o u ld  a s s i s t  i n  c o n f i r m in g  c o n c lu s io n s
127
drawn f ro m  m easurem ents  on t h e  bromo- and n i t r o a n i l i n e s ,  p a r t i c u l a r l y  
in  r e s p e c t  t o  t h e  q u e s t i o n  o f  s t e r i c  h in d ra n c e  i n  t h e  f o r m a t i o n  o f  
com plexes  w i t h  d io x a n .  C om bina tion  o f  t h e  v a lu e s  o f  t h e  moments o f  
m e t h y l a n i l i n e , 1 . 6 8D. ,  and of N - m e th y l - j p - to lu id in e , 1 .4 1 D . , le a d s  t o  
0 0 8  0  =: 0 . 7 8  and 6 =  38g° in  m e t h y l a n i l i n e .  This  i s  r e a s o n a b l e  i n  v iew  
o f  t h e  a n g le  o f  48° f o r  th e  i n c l i n a t i o n  o f  th e  d i p o l e  i n  a n i l i n e  and 
34*  ^ in  d i m e th y la n i  l i n e , t h e  v a lu e  i n d i c a t e d  from  t h e  moments o f  d im e th y  1- 
a n i l i n e  and d i m e t h y l - £ - t o l u i d i n e . This  a s s ig n m e n t  im p l ie s  t h a t  t h e  
m esom eric  moment o f  m e th y la n i l i n e  i s  a p p r e c i a b l y  g r e a t e r  t h a n  t h a t  o f  
a n i l i n e  and a lm o s t  as g r e a t  as t h a t  o f  dime t h y  Ia n  i l i n e .  The f a c t  t h a t  
t h e  i n t e r a c t i o n  moment o f  £ - n i t r o m e t h y l a n i l i n e  i s  much g r e a t e r  t h a n  
t h a t  o f  £ - n i t r o a n i l i n e  and n e a r l y  as l a r g e  as t h a t  o f  £ - n i t r o d i m e t h y l -  
a n i l i n e ,  1 . 48D. ,  s u g g e s t s  t h a t  t h i s  may be t h e  c a s e .  T h is  i n t e r a c t i o n  
moment may be i n t e r p r e t e d  i n  e x a c t l y  t h e  same way as t h a t  o f  p - n i t r o ­
a n i l i n e  .
The v a lu e  o f  Aji i s  c o n s i d e r a b l y  l e s s  t h a n  i t  i s  f o r  £ - n i t  ro a n  i l i n e . 
T h is  i s  n o t  s u r p r i s i n g  in  view o f  t h e  f a c t  t h a t  t h e  d io x a n  e f f e c t  f o r  
m e t h y l a n i l i n e  i s  much s m a l l e r  t h a n  f o r  a n i l i n e  and i t  i s  p r o b a b ly  t o  
b e  a s s o c i a t e d  w i th  t h e  s m a l l e r  te n d e n c y  on t h e  p a r t  o f  t h e  m e t h y l a n i l i n e s  
t o  a s s o c i a t e  w i t h  d io x a n  r a t h e r  t h a n  w i t h  a d e c r e a s e  i n  e l e c t r o n  
d i s p l a c e m e n t  accom panying  th e  a s s o c i a t i o n .
The r e s u l t s  f o r  2 ; 4 - d i n i t r o m e t h y l a n i l i n e  a r e  p a r t i c u l a r l y  
i n t e r e s t i n g  in  r e l a t i o n  t o  p o s s i b l e  s t e r i c  e f f e c t s  i n  t h i s  compound.
The i n t e r a c t i o n  moment in  benzene  s o l u t i o n  i s  s l i g h t l y  g r e a t e r  t h a n  
t h a t  o f  p - n i t r o m e t h y l a n i l i n e  b u t  t h e  d i f f e r e n c e  b e tw ee n  t h e s e  i n t e r a c t i o n  
moments i s  l e s s  t h a n  t h a t  b e tw een  th e  i n t e r a c t i o n  moments o f  2 : 4 - d i n i t r o -
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a n i l i n e  ana  p - n i t r o a n i l i n e .  I t  i s  t o  be e x p e c te d  t h a t  t h e  n i t r o - g r o u p  
and t h e  m e th y l  g ro u p  w i l l  t e n d  t o  o b s t r u c t  one a n o t h e r  and c o n s e q u e n t ly  
n e a r  c o p l a n a r i t y  w i l l  be p o s s i b l e  o n ly  in  t h e  s e n s e .
o
T h is  i s  a  c o n d i t i o n  f o r  w h ich , i t  was s u g g e s te d  e a r l i e r ,  a s s o c i a t i o n  
w i t h  d io x a n  s h o u ld  be s t e r i c a l l y  i n h i b i t e d ,  th e  p o s i t i o n  b e in g  much t h e  
same as  w i t h  2 : 4 : 6 - t r i n i t r o a n i l i n e .  In  a c c o rd a n ce  w i t h  t h i s  v ie w ,  ^  p  
f o r  2 ; 4 - d i n i t  r o m e th y la n i  l i n e  i s  l e s s  t h a n  t h a t  f o r  £ - n i t r o m e t h y l a n i l i n e .
Cone lus io n s
From t h e  r e s u l t s  o f  t h e  m easurem ents  r e c o r d e d  h e r e ,  t a k e n  i n  
c o n j u n c t i o n  w i t h  p r e v io u s  d a t a ,  t h e  i n t e r a c t i o n  moments o f  a  number o f  
s u b s t i t u t e d  a n i l i n e s  and m e th y la n i  l i n e s  have b e e n  c a l c u l a t e d .  I t  has 
b e e n  shown t h a t  t h e  d i p o l e  moments o f  t h e s e  compounds i n  b en zen e  
s o l u t i o n  can be i n t e r p r e t e d  s a t i s f a c t o r i l y  i n  te rm s  o f  t h e  m esom eric 
and  i n d u c t i v e  e f f e c t s  o f  th e  s u b s t i t u e n t s  c o n c e rn e d .  In  t h e  ab sen ce  
o f  s u b s t i t u e n t s  i n  p o s i t i o n s  o r th o  t o  t h e  a m in o -g ro u p  t h e  d i f f e r e n c e  
b e tw e e n  t h e  a p p a r e n t  moments o f  am ines in  d io x a n  and in  b en zen e  
s o l u t i o n s  ( th e  " d io x a n  in c re m e n t" )  i n c r e a s e s  p r o g r e s s i v e l y  w i t h  i n c r e a s e  
in  t h e  i n t e r a c t i o n  moment, and i t  i s  s u g g e s te d  t h a t  t h i s  may p ro v id e  a 
means o f  e s t i m a t i n g  t h e  v a lu e  of t h e  i n t e r a c t i o n  moment i n  m o le c u le s  f o r
129
w h ic h  t h e  v e c t o r  a n a l y s i s  o f  t h e  moment v a lu e  i s  d i f f i c u l t .
T h e re  i s  e v id e n c e  t h a t  t h e  p re s e n c e  o f  o r th o  brom ine atoms p ro d u c e s  
a  s l i g h t  i n h i b i t i o n  o f  t h e  mesomeric e f f e c t  o f t h e  amino g roup  b u t  
t h e r e  a p p e a r s  t o  be no a p p r e c ia b le  i n t e r f e r e n c e  b e tw een  n i t r o  and amino 
g ro u p s  i n  p o s i t i o n s  o r th o  t o  one a n o t h e r .  The p re s e n c e  o f  m e th y l  
g r o u p s ,  b ro m in e  atoms o r  n i t r o  g roups  i n  b o th  p o s i t i o n s  o r t h o  t o  t h e  
amino g r o u p ,  how ever , d e c r e a s e s  th e  d io x a n  in c r e m e n t .  The p re s e n c e  
o f  one  n i t r o - g r o u p  in  an  o r th o  p o s i t i o n  t o  t h e  m e th y la m in o -g ro u p  i s  
s u f f i c i e n t  t o  c au se  a s i m i l a r  d e c r e a s e  i n  t h i s  in c re m e n t .  These 
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